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INTRODUCTIC. 
The present work dealing with extraction, Isolation and 
estimation of active ingredients of plant products was under-
taken due to the reason that during the screening, selection, 
field trials and breeding of certain essential oil yielding 
and medicinal plants it was noticed that the procedures reported 
for the estimation of such ingredients were either complicated 
and lengthy or expensive and difficult to adopt in a moderately 
equipped laboratory. 
Frankly speaking while screening the literature it was 
felt that there is no need for undertaking this type of work 
as a large number of extraction procedures and estimation 
techniques were available apparently suitable for almost every 
kind of investigation. However when the author picked them up 
for use it was disappointing to note that although they might 
have suited their inventors in their investigations they failed 
to meet the requirements of the author satisfactorily. To quote 
a few examples the laboratory extractors including the most 
Popular Soxhlet extractor v^ hen used for the extraction of 
glycyrrhizin from the roots of Glycyrrhiza glabra proved to 
be unsatisfactory and time consuming. Similar was the case of 
liquid-liquid extractors for the extraction of hydrolysates 
from glycyrrhizin and reserpine group of alkaloids. The author, 
therefore, designed three hot extractors dealt v,/ith in chapters I, 
2 
II and III v;hich proved to be very useful for such extractions • 
The technique for the estimation of glycyrrhizic and 
glycyrrhetic acids dealt with in chapter IV is although a bit 
lengthy, yet it is very useful for its accuracy and reproduci-
bility. All other technioues for its estimation reported so far 
do not give accurate results. In fact the authors of many of 
them themselves have accepted the short comings of their 
technioues. One of them was bold enough to accept that one 
third of the glycyrrhizin, the saponin from which glycyrrhizic 
and glycyrrhetic acids are derived, was lost even during the 
course of extraction. 
A technioue for the determination of hydroxyl value of 
essential oils, isolates and terpenic and phenolic compounds 
has been dealt with in chapter V. This technique has the advan-
tages of simplicity, speed and minimal requirements of samples 
and the reagents. It is the only third such technique reported 
so far. The earlier two technicues using acetic anhydride-
pyridine and acetic anhydride- toluene have the disadvantages 
of forming a high boiling solvent system as substances contai-
ning more reactive groupings frequently produce deeply coloured 
resinous products which interfere with the titration. In the 
present technique acetic anhydride- benzene is used as the 
solvent system which minimises the formation of coloured and 
resinous products because of the com.paratively low temperature 
3 
of this solvent system. 
Chapter VI deals v^ ith the estimation of reserpine 
from the roots and root extracts of Rauv;olfia» Reserpine is 
a 3,4,5-trimethoxy benzoyl ester of reserpic acid. A large-
number of procedures for the estimation of reserpine and 
related alkaloids have been reported. Hov^ ever reserpine 
group of alkaloids being light and heat sensitive undergo 
certain chemical changes when exposed to light and heat and 
thus make it difficult to estimate reserpine accurately. As 
during the course of estimation of reserpine exposure of the 
samples to light and heat is inevitable the author felt it 
necessary to develope a procedure for the estimation of reser-
pine based on the estimation of trimethoxy benzoic acid which 
is far more stable than reserpine. The spectrophotometric 
procedure is based on the observation that methyl ester of 
trimethoxy benzoic acid shows absorbance at 215 and 268 mp 
respectively. Standard curves based on these absorbances are 
prepared. Total acids obtained from Rf uwolfia samples v.'ere 
methylated and subjected to u.v. spectrophotometry and from 
the absorbances at 215 and 268 mp the concentration of the 
methyl ester of trimethoxy benzoic acid in total acids was 
found out from the calibration curves. 
Chapter VII deals with a gravimetric technique for the 
estimation of aldehydes and ketones from the essential oils. 
The technique is one of the simplest techniques reported 
so far. It is based on a si.'nple but remarkable observation 
of the author that when essential oils are heated on a water-
bath in an open dish with a circular ring of filter paper with 
small amounts of acetic acid almost all the essential oil is 
volatilized without leaving any detectable residues* The tech-
nique involves the formation of non-volatile 2,4-dinitro-
phenyl hydrazones with excess reagent and heating the 
reaction product with acetic acid on a waterbath. The tech-
nique gives excellent results with almost hundred percent 
reproducibility. 
Chapter I 
A new Continuous Hot Extraction Apparatus for the extraction 
of plant material! 
INTRODUCTION AND REVIEW 
Extraction deals with the transfer of material rever-
sibly or otherwise from one or more phases in which it is 
dissolved or dispersed to another liquid phase. Extraction 
is more frequently employed in order to remove the solute 
to an environment more suitable for study or isolation. For 
the latter purpose it has long been one of the most widely 
used procedures available to the laboratory. 
One of the most basic problems of the research v/orkers 
in organic chemistry is that of the isolation and purification 
of individual compounds* Therefore any study which leads to 
improvement in the methods for achievement of sharp separa-
tion is highly significant. The importance of extraction pro-
cedures and their underlying principles to the organic chemists 
can scarcely be overstressed and the possibilities of this 
operation have by no means been exploited to the fullest. 
The operative principles of extraction are based on 
the concepts of heterogenous equilibria and on the mathematics 
involved in the dividing and subdividing of unit quantity of 
material. 
0 
Frequently all that is desired in an extraction is 
the quantitative removal of the solute from a phase unsatis-
factory for its further study. This operation may result in 
a greater or lesser degree of separation of the desired 
solute from other undesired solutes* If essentially none of 
the undesired accompanying material is extracted by a given 
solvent, matters are greatly simplified, and the only factor 
to be considered is the completeness of the extraction in 
terms of the least labour and least solvent. 
A survey of the literature has revealed that a vast 
number of extractors have I een designed and developed for 
the extraction of plant materials and allied substances. 
However only a small number of them have received recognition 
and approval of plant chemists. Amongst them the most v^ ridely 
recognised extractor happens to be the Soxhlet apparatus* 
However modifications of Soxhlet apparatus as well as some 
new extractors with reasonably good efficiency have been 
reported and used successfully. Some of them having practical 
utility for plant chemists will be reviewed here. 
2 
Listen and Dohn have reported a modified soxhlet 
extractor. The tops of two Buchner funnels are fastened 
together. The lower funnel is connected to a flask and the 
upper to a condenser. A byepass also jo.ins the flask to the 
1 
condenser. The sample is placed in the lower funnel. Extraction 
can be effected in the usual manner* 
3 
Drake and Spies have reported a simple, large capacity-
extractor of the Soxhlet type sui table for extract ion with 
solvents whose boiling points are below 100 C> They claim 
tha t f i re hazards are el iminated. 
4 
Blank modified the Soxhlet extractor in order to 
prevent the ether from passing through the sample. For the 
purpose a glass tube open at both ends is placed inside the 
thimble with a plug of cotton below and above the sample. The 
tube is of such a size as to fit inside the thimble and extends 
a short distance above the thimble. 
5 
Kuhlmann and Gershson have made a comparative study 
of the Kuhlmann's extractor and Soxhlet extractor. They claim 
that the former is advantageous as the extraction takes place 
at a high temperature by the boiling solvent and its varpours. 
The substance is well mixed with the solvent by vigorous 
boiling in it and the liquid extract is almost completely 
removed by filtration. Wheat flour, corn meal etc. have been 
extracted with toluene, benzene and petroleum ether in order 
ro illustrate the advantages of Kuhlmann's method. 
Herian and Moignard have reported a modified Soxhlet 
extractor which permits extraction at room temperature with 
benzene, toluene etc. 
Q 0 
7 
Stevenson has also modified the Soxhlet extractor 
for cold, aqueous extraction of wool* It can also be used 
with less volatile solvents^ 
Another modification of the Soxhlet extractor has been 
o 
effected by Rozental in order to obtain a faster quantita-
tive extraction. The extractor consists of a spiral through 
which the vapours escape down inxo the well of the extractor 
which contains the thimble of the material to be extracted. 
vVhen the volume of the solvent rises 5 cms» over the spiral, 
it flows ever into a side arm leading to the flask. It extra-
cted 1.09-1.70 times as fast and 9-22% more material than 
the standard Soxhlet model. 
9 
Schwarz has reported an improved Soxhlet apparatus 
by incorporating a stopco»k on the siphon loop. Economy of 
the solvent, adjustability to normal siphoning and other adva-
ntages can be gained by this apparatus. 
Nobile et_ al_» have designed an extractor for conti-
nuous extraction of vegetable substances. The extraction 
column has a decreasing cross section. The materials charged 
to the top (lowest cross-section) and the extracted residue 
is discharged from the bottom. The apparatus is most suited 
for the extraction of tannic acid from wood. 
Kaminski has reported a modified Soxhlet extractor 
having a smaller height and greater diameter of the tube for 
introducing solvent vapours than the standard Soxhlet model. 
Time of filling the chamber with acetone, methanol and ethanol 
was shortest for the modified ext'ractor. The efficiency of 
extraction is also reported to be superior. 
12 Grussendorf has developed a continuous, counter 
gravity, diffusion extractor using counter gravity movement 
of the solvent diffusing through the solid followed by con-
tinuous removal of the solvent from the solution by distilla-
tion. The apparatus can be used for solvent extraction of 
grains and for liquid-liquid extraction with immiscible liquids. 
MATERIALS AW METHODS 
The usual Soxhlet and modified Soxhlet extractors are 
fabricated in a way that the vapours of the solvent used for 
extraction are carried through a side tube to the condenser 
v;here the solvent condenses and falls on the material to be 
extracted with the disadvantage that the extracted material 
carried to the flask through the siphon constantly boils 
with the solvent used for extraction, throughout the whole cou-
rse ; of extraction whereas the material is extracted Vv/ith the 
condensed solvent only at slightly elevated temperature. 
The solubilities of practically all substances are 
much higher in the hot solvents as compared to cold solvents* 
10 
moreover, certain substances like glycyrrhizin are only 
sparingly soluble in even highly polar solvents like methanol 
and ethanol at low temperatures whereas they are appreciably 
soluble in these solvents at higher temperature* 
Based on the above observations a new continuous hot 
extraction apparatus has been designed. The apparatus consists 
of a broad glass tube tappering at the lower end and ending 
in a ground glass standard B^^ joint for the attachment to the 
flask whereas on the upper end the tube ends in a B^ p. socket 
for the attachment to a condenser. A double walled thimble is 
fixed inside the broad tube with a siphon just as in Soxhlet 
for the passage of the solvent to the flask. The double walled 
thimble, on the other hand, is connected with a side tube having 
a B.Q joint for the attachment of a condenser (Fig No.i/'^ . 
A round bottom flask with B^. socket containing the 
solvent to be used for extraction is attached with the appa-
ratus. The plant material to be extracted is placed in the 
thimble. Two third of the double walled space of the thimble 
is filled with the same solvent v/hich is to be used for extra-
ction. The condensers are fitted and the flask is heated on 
a v/ater bath. The solvent vapours move upwards through the 
cylindrical tube diong the double wailed thimble thereby hea-
ting the solvent contained in it which in turn heats the plant 
material to be extracted. The solvent vapours moving upwards 
1 1 
condense in the condenser and t r i c k l e down on t o t h e p l a n t 
m a t e r i a l kept in t h e th imble for e x t r a c t i o n and t h e e x t r a c t 
passes t o t h e f lask through the s ide tube ( s i p h o n ) . The paro-
cess con t inues t i l l the e x t r a c t i o n i s complete* 
EXPERIMENTAL 
About 20 t o 40 gms of r o o t s of G l y c y r r h i z a , Rauwolfia 
or loaves of Hyoscyanms are placed in the double-wal led 
t h i m b l e . The f lask con t a in ing t h e so lvent t o be used for 
e x t r a c t i o n as well as t h e condensers are f i t t e d and mounted 
on a gen t ly b o i l i n g w a t e r b a t h . The r a t e of condensat ion of 
t h e so lvent i s adjusted t o 40-60 drops per minu te . The e x t r a -
c t i o n i s c a r r i e d out in the usual manner. The da ta have been 
recorded in t a b l e I . 
Table I 
S.No. Description of Solvent Time taken for the complete extra-
the substances used ction of the active inqredient/s 
Continuous Hot Soxhlet apparatus 
extraction 
Apparatus 
1. Giycyrrhiza roots Methanol 3 hrs 10 hrs 
2 . Rauwolfia roots Chloroform 2 hrs 6 hrs 
3 . Hyoscyamus leaves Chloroform 1 hr 4 hrs 
Note; All the f igures are approximate as these s tudies mainly 
12 
depend on the amount of the material to be extracted, the 
size of the extractors taken, the rate of condensation of 
the solvent and the siphoning of the solvent. 
RESULTS AND DISCUSSION 
A comparative study of the Hot Extractor with Soxhlet 
extractor has been carried out. The test materials used for these 
studies were the roots of giyccyrhiza and Rauwolfia and leaves 
of Hyoscyamus. 
It is evident from the data recorded in table-1 that the 
performance of the Hot Extractor is far more superior to the 
Soxhlet extractor as it takes jusiy^hours, for the complete 
extraction of the roots of Glycyrrhiza, 2 hours for the complete 
extraction of the roots of Rauvvolfia and only one hour for 
the complete extraction of the leaves of Hyoscyamus as compared 
to 10 hours, 6 hours and 4 hours respectively taken by the 
Soxhlet extractor. 
Chapter II 
A new Continuous Hot Liquid-Li quid Extraction Apparatus for 
extraction with solvents lighter than the solution to be extracted. 
IWTRODUCTION AND HEVIEW 
13 
Since the beginning of the 20th century Fiske 
14 15 16 17 
Friedrichs , Koolman , Breslan , Moreschi and Siemoni , 
1R 
Palkin _et jl^ . and others have reported some useful liquid-
liquid extractors for the extraction with solvents lighter 
than the solution to be extracted. However all of them are now 
considered to be of only academic importance. Later a large 
number of extractors have been reported which are either entirely 
new extractors or modification of the existing extractors to 
suit the requirements of individual workers. 
19 CXiick has reported a continuous extractor for the 
extraction of biological fluids such as urine and bood filtrates. 
The extractor consists of an outer jacket, an extraction tube 
and a funnel tube with a bulb at the lov/er end containing four 
small openings. The extraction tube is suspended by means of 
a silk thread or a thin wire. The extractor was designed for a 
sample of 20 ml or less. 
Useful extractors have also been reported by Macheboeuf 
20 91 
and Fethke and Gauthier and Rossi . 
22 
Iruce reported an extractor consisting of a boiling 
* /I 
flask with a two hole stopper, one connectea to an elevated 
condenser and the other to the higher end of an inclined tube, 
the condenser discharge being connected to the lo'w'er end of 
a tube which is fitted with the solution to be extracted and 
through which the drops of lighter solvent pass while retur-
ning to the flask. 
23 
La Lande and V.agner have evolved two automatic all 
glass extractors designed for extraction with immiscible 
solvents lighter than water* One of these extractors is 
provideo with a mechanical stirrer while the other is without 
a stirrer. 
24 Barrenscheen has reported a simple extractor for 
extracting 1 to 20 ml of liquid with ether, benzene, amyl 
alcohol etc The apparatus has been found to be useful for 
extracting biological fluids. 
25 
Knapp , while conducting experiments on the determi-
nation of unsaponifiable matter in rosins, developed a conti-
nuous extractor in order to ensure complete extraction . 
The extractor is similar to the appratus described by Palkin 
et al. with the following modifications: 
(1) The construction of the inner tube or solvent distri-
butor is simplified by having only three small holes in 
the bulb. 
(2) The depth of the soap layer is increased so that the 
i^j 
drople t s of solvent t rave l further and are therefore . 
in longer contact with the soap so lu t ion . 
(3) The use of standard ground glass j o i n t s for preventing 
contamination and lo s s of solvent . 
Clasper and Haslam have reported a l i qu id - l i qu id 
extract ion apparatus for the extract ion of hydrolysis products 
of nylon• 
In the l a s t two decades a l a rge number of ex t r ac to r s 
have been reported. Some of them of r e l a t i v e l y voider appl ica-
t ion wi l l be mentioned he re . 
27 
Sauer has reported an all glass extractor for liquid 
and vapour phase extraction employing a single processing chamber. 
Carney has patented an extractor meant for rapid ext-
raction or reaction of two liquids with a short contacting 
zone. The appratus consists of a rotatable cylindrical shell 
of magnetic material with a shaft, hallow and perforated at 
both the ends. Inside the shell are magnetic particles such 
as soft iron and a magnetic coil. The liquids move countercu-
rrently. The light liquid is introduced through one end of the 
perforated shaft and withdrawn at the other end. iiapid rotation 
of the shell causes the heavier liquid to move out of the shell. 
This creates an interface. The soft iron particles are magneti-
sed periodically, which them to pass through this 
interface and thereby accelerate the extraction or reaction. 
29 
Mieszkis , while using the Clasper and Haslam's 
l i qu id - l i qu id ext rac t ion apparatus for the extract ion of a 
solut ion of nylon in formic acid y;ith l i g h t petroleum, faced 
cer ta in d i f f i c u l t i e s and modified the apparatus for t h i s 
purpose. The modified extractor i s a combination of Soxhlet 
and Clasper and Hailam's e x t r a c t o r s . 
30 Another patent has been taken by Olney for an 
ex t rac tor where contact of two l i q u i d s of d i f ferent dens i t i e s 
which are at l e a s t p a r t i a l l y immiscible i s accomplished. I t 
cons i s t s of a column in v\hich one of the l i qu ids i s forced 
through a ser ies of perforated p la te s separated by interme-
d ia te zones to disperse and separate the l i q u i d s . 
31 
Yet another patent has been taken by Koppers Co. Inc. 
for a l i qu id - l i qu id extract ion apparatus where both the l iqu ids 
enter the annular space between two concentr ical ly bu i l t 
v e r t i c a l tanks and then into the inner tank near the bottom 
where the l i g h t e r l i qu id r i s e s through the heavier l i q u i d . 
The l i g h t e r l iqu id i s ;;*; then removed from the upper portion 
and the heavier from the bottom of the inner tank. 
32 
Jensen & Bane have reported an extractor for the 
continuous extraction of an aqueous solution with a solvent 
lighter than water. The extractor has specially been designed 
for the extraction of uranium salts. The special feature of 
t h i s appaaatus i s a tube for removing the ra f f ina te for analysis> 
33 Farben Fabriken Bayer have patented an ext rac t ion 
apparatus for i i q u i d - l i q u i d extract ion consist ing of horizon-
t a l tube l i k e body with a mixer in the middle of the tube* 
The mixing of the two l iquid phases i s accomplished by vapour 
bubbles produced ins ide the l iquid by means of heating elements* 
After leaving the l i qu id the vapours are condensed and recycled 
in to the extract ion apparatus. To increase the mass t r ans fe r 
between the two l i ou id phases, perforated p la tes are arranged 
at r igh t angles to the di rect ion of the l iqu id stream. 
34 
Sims and Adams have reported an impuoved l i q u i d -
l iqu id ex t rac to r . The apparatus i s designed for the ex t rac -
t ion of heat-bodied o i l s so tha t the polymers formed can be 
fract ionated for fur ther study. The performance of the ext ra-
ctor i s demonstrated with data on the f rac t ional ext rac t ion 
of polymerised l inseed o i l with acetone at 10°,20°,30°,40° and 
50 C. The apparatus has also been used to remove heat l a b i l e 
ma te r i a l s , e .g . ether soluble substances from l i v e r homogenates 
and to extract mono-and dicarboxylic acids from oxidation 
mixtures . 
35 
Myers has patented a l i q u i d - l i q u i d ext rac t ion appara-
tus which u t i l i z e s gas under pressure to produce mixing of the 
l i q u i d s . 
Steele has reported a simple apparatus for l i q u i d -
•i O 
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l i qu id extract ion and separation. The apparatus i s assembled 
from a polythene bo t t l e v^ith a stopper or sleeve, a glass 
stopcock and a clamp. 
37 
Deering and Terver have developed o simple l i qu id -
l i qu id extract ion apparatus constructed from a long-necked 
round bottomed flask (500 ml) to which i s attached a 24/40 
j o i n t , 42 mm* long, at a 63° angle. The second part of the 
apparatus cons is t s of a small flask f i t t e d v;ith the counter 
par t of the corresponding j o i n t . The extract ion i s car r ied 
out in the main flask and then the side arm i s faced down-
wards unt i l the l ay e r s separate . The upper layer i s poured 
off leaving the denser layer in the small f lask . 
MATERIALS AT^ID METHODS 
Extraction of water soluble substances of plant origin 
with organic solvents has always been a problem for many of 
the plant chemists. A thorough survey of the l i t e r a t u r e has 
revealed tha t a voluminous work has been done to design appa-
ra tus and evolve techniques for solving t h i s problem. A few 
of them ranging from the simple ex t rac to rs on one hand to 
9-12 
the more complicated extractors on the other hand are of 
considerable significance. A large number of patents have also 
been taken. However it has been noticed that one extractor 
19 
does not meet the requirements of all plant chemists* Often 
a plant chemist is surprised to note that although a large 
number of extractors exist yet none of them meets his require-
ments. The author experienced a similar situation while working 
on some Indian medicinal plants* Extraction of certain water 
soluble substances which are sparingly soluble in some water 
immiscible organic solvents at lov; temperatures but more so 
at higher temperatures posed a problem. The difficulties 
experienced in this connection have led the author to design 
and test a continuous hot liquid-liquid extraction apparatus 
for the extraction with solvents lighter than water. The 
aqueous solution to be extracted is heated by the vapours of 
the solvent used for extraction of water soluble organic sub-
stances. The apparatus is quite simple and can conveniently 
be fabricated by any ^lass Blower. 
The apparatus consists of a double-walled glass thimble 
with an opening at the top through a bent tube and a side tube 
fused at the bottom of the thimble on one hand and opening in 
a funnel placed 5 cms. above the opening of the thinible at 
the top on the other hand. The thimble is placed in a cylin-
drical tube having a Bc„ socket for the condenser on the top 
and a B^/i cone for the flask at the bottom. The thimble is 
fused with the cylindrical tube on the lower side. The double-
v.'alled speee of the thi inble opens o u t s i d e the c y l i n d r i c a l 
tube on the top through a side tube which i s made p a r a l l e l 
to t h e c y l i n d r i c a l t u b e . The s ide tube i s f i t t e d v;ith a B,Q 
socket for the condenser^ f i^* \ C>), 
A round bottom f lask vv'ith B^. socket con ta in ing the 
so lvent t o be used for e x t r a c t i o n i s a t t ached wi th the appa-
r a t u s . The aqueous s o l u t i o n to be e x t r a c t e d i s p laced in the 
t h i m b l e . Two t h i r d of the double-wal led space of the thimble 
i s f i l l e d with t h e so lven t which i s t o be used for e x t r a c t i o n . 
The condensers are f i t t e r - and the fldsR i s hcated on a v;ater 
b a t h . The solvent vapours move upwards through t h e c y l i n d r i c a l 
tube along the double-wal led thimble the reby hea t ing the so lve -
n t contained in i t which i n tu rn h e a t s the aqueous s o l u t i o n 
t o be e x t r a c t e d . The solvent vapours moving upwards condense 
in the condenser and t r i c k l e down on the funnel of the side 
tube of the th imble con ta in ing the s o l u t i o n to be e x t r a c t e d 
at the bottom and m.ove upwards through t h e fiiqueous so lu t i on 
t h u s e x t r a c t i n g i t and passing out of t he th imble a t the t o p . 
The process con t inuees t i l l the e x t r a c t i o n i s comple te . 
EXPERIMENTAL 
About 0 .5 gm p r e c i p i t a t e d g l y c y r r h i z i c acid i s hydrolysed 
wi th 10$^  HpSO. and t h e hydro lys i s product i s p laced in the thimble-
The f l a s k con ta in ing t h e solvent to be used for e x t r a c t i o n as 
well as the condensers are fitted with the extractor and the 
apparatus is mounted on a gently boiling v^ a^ter bath. The rate 
of condensation of the solvent is adjusted to 40-60 drops per 
minute and the extraction is carried out in the usual manner. 
Similarly about 0.2 gm of reserpine/rescinnamine are 
hydrolysed with methanolic KOH. Methanol is removed by heating 
on a water bath. The alkaline solution is transferred to the 
thimble and then acidified and extracted as in the case of 
the hydrolysis product of glycyrrhizic acid. The data have 
been recorded in table I. 
Table I 
S. No. .Substances 
.taken 
Amount«Solvent 
of the tused 
subs- I 
j tance « 
. taken t 
t 
t 
Time taken for qomplete extraction 
Quick' s^ 'Clasper jDoering tContinuous 
liquid-'HailamsJ and Tar-iHot extractor 
liquid 'extra- ^ver's t 
extra- *ctor ,extrac- i 
ction ' jtor t 
appara-' t 
tus ' I 
Hydrolysis 0.5 gm Ethyl 6 hours 4 hours 6 hours 2 hours 
product of acetate 
glycyrrhi-
zic acid 
Hydrolysis 0.2 gm Ethyl 4 hours 3 hours 4 hours 1 hour 
product of acetate 
reserpine < 
and rescinn-
amine 
Note: All fioures are approximate as these studies mainly depend 
on the amount of the material taken for extraction, 
11 
the size of the extractor and the rate of condensation 
of the solvent. 
RESULTS PM) DISCUSSION 
A comparative study of some of the existing extractors 
has been carried out. The test material used for these studies 
are the hydrolysis products of glycyrrhizic acid, reserpine 
and rescinnamine. Ethyl acetate has been used as the solvent 
for extraction. It is evident from the data that the perfor-
mance of Clasper and Haslam's extractor is the best among all 
the existing extractors as it takes 4 hours for complete 
extraction of the hydrolysis products of glycyrrhizic acid 
and 3 hours for the hydrolysis products of reserpine and 
rescinnamine. Hov/ever the present hot extractor is even far 
more superior than the Clasper and Haslam's extractor as it 
takes just 2 hours f^or the complete extraction of the hydro-
lysis product of glycyrrhizic acid and 1 hour for the hydroly-
sis products of reserpine and rescinnamine as compared to 
Clasper and Haslam's extractor which takes 4 and 3 hours 
respectively. 
Chapter III. 
A new Continuous Hot Liquid-Liquid Extraction Apparatus for 
extraction with solvents heavier than the solution to be 
extracted^ 
INTRODUCTION AND REVIEW 
A survey of the literature of the last about eighty 
years has revealed that a voluminous work has been done and 
a large* number of extractors for the liquid-liquid extrac-
tion with solvents heavier than the solution to be extracted 
have been designed and tested for their efficient working. 
It appears that chemists working in various field such as 
Plant Chemistry, Biochemistry, pharmaceutical chemistry etc. 
have faced difficulties in extracting solutions with organic 
solvents and hence developed and designed extractors to meet 
their requirements satisfactorily. Some of them significant 
from the point of view of practical application will be 
reviewed here. 
An extractor was reported by Greenwald . The extractor 
is simple and compact consisting of an extraction chamber 
sealed at the lewer end and a side tube for the passage of 
vapours to the condenser. The condensed vapours fall down 
on the solution in the extraction chamber and while moving 
downwards through the solution bring about extraction. The 
' 5 B 
lower end of the extraction chamber is connected with the 
side arm through a tube v/nich opens in the middle of the side 
arm and through which the solvent extract is passed into the 
flask. 
39 
Palkin jet _al have reported four liquid-liquid extra-
ctors, two for solvents lighter than the solution to be 
extracted and two for solvents heavier than the solution. 
The extractors are simple and were designed mainly for the 
extraction of alkaloidal solutions. 
40 Vi^ ehrli has designed an extractor consisting of a 
vertical glass tube containing the aqueous solution to be 
extracted resting upon a layer of a heavy solvent. The lower 
end of the tube is bent upwards and is connected v.dth a flask 
in which the solvent is boiled. The solvent vapours condense 
in the reflux condenser and pass in small droplets through 
the aqueous solution thereby effecting the extraction. 
41 Hershberg and V/olfe have reported a rapid extractor 
for uringrysteroids. The extractor embodies the principle 
of causing CCl^ to pass through a porous disc and pass in 
fine droplets through a long column of urine. The bulk of 
the androgen fraction in urine in the normal range is extra-
cted in about -^  hour. The apparatus can be refilled without 
dismantling. 
42 Hemings has reported an a l l purpose ex t rac tor v^ h^ich 
can be used as percolator and as l i qu id - l i qu id ex t r ac to r . 
The ext rac tor can be used for both, l i g h t e r and heavier , 
solvents. 
43 
Dobson and Randall have reported an improved conti-
nuous liquid-licuid extractor. The extractor as in the previ-
ou case can be used for extraction with both lighter and 
heavier solvents. 
44 Harman has reported a versatile extractor for the 
extraction of aqueous solution with denser organic solvents. 
The temperature is controlled by extending the condenser coil 
into the aqueous solution to a point about even with the ; 
upper most level of the solvent return line. 
45 Heftmann and Johnson have modified the Hershberg-
Wolfe extractor described earlier. The modification permits 
the extraction of heat labile substances by relatively high 
boiling solvents denser than water under vacuum. The extraction 
of urinary corticoids is given as an example. 
Iffland has reported a universal continuous extra-
ction apparatus for the extraction of aqueous solution with 
solvents denser than the solution tobe extracted. The apparatus 
is a modification of the Wehrli extractor described earlier. 
The modification permits variation in the quantities of the 
solution to be extracted by adjustment of the solvent return 
tube* 
Miezkis has reported a modified l i q u i d - l i q u i d extra-
ct ion apparatus, a combination of the Soxhlet and the 
ry/r 
Clasper and Haslam's l i qu id - l i qu id extract ion apparatus. 
In t h i s extractor the vapours of the extract ing l iquid are 
prevented from t r a v e l l i i g s t ra igh t up through the main ext ra-
c t ing vessel by a g lass well at the base of the container 
and by a l iquid seal t ha t closes the by-passing siphon. The 
vapours pass through a side tube and are then pondensed as 
in the original Clasper and Haslam's apparatus. 
Scheibel has developed bench scale l i q u i d - l i q u i d 
extract ion techniques. The extract ion processes are demons-
t r a t e d by conducting the operations batchwise in a known 
number of equilibrium s tages . Refinem.ents to minimize the 
number of cycles required to a t t a in steady s t a t e conditions 
are also descri;-:ed. Extraction processes considered include 
simple extract ion for removal of a component, f rac t ional 
l i qu id extract ion with two immiscible solvents and fract ional 
l i qu id extract ion with a single solvent and re f lux . 
Doering and Tarver ' s extract ion apparatus has already 
37 
been reviewed . This apparatus can also be used for the 
extraction with solvents heavier than the solution to be 
extracted. 
2 
MATERIALS AND METHODS 
An e x t r a c t o r has been des igned for the e x t r a c t i o n 
of vi/ater so luble substances of p l a n t o r i g i n . wi th wate r 
immiscible heav i e r organic s o l v e n t s . The e f f i c i e n c y of the 
appa ra tus has been t e s t e d and t h e da ta have been recorded 
in t a b l e ! • 
The appara tus c o n s i s t s of a double-wal led th imble 
wi th a funnel a t the top and a s i d e tube f u s e d , a t t h e bottom 
of t h e t h imb le . The opening of t h e s ide tube i s kept a t about 
2 /3 rd he igh t of t he t h i m b l e . The th imble i t s e l f i s f ixed in 
a c y l i n d r i c a l tube with a BCQ socket for t h e condenser on 
t h e top and a ^^A cone for t h e f l a sk a t the b 
double-wal ied space of the th imble opens o u t s i d e t h e c y l i n d -
r i c a l tube at t h e top thm ugh a s ide tube which i s made 
p a r a l l e l t o the c y l i n d r i c a l t u b e . The s i de - t ube i s f i t t e d 
w i th a B.Q socket for t he condenser . 
A round bottom f lask with B^^ socket con t a in ing the 
so lven t t o be used for e x t r a c t i o n i s a t t ached with t h e appa-
r a t u s . The aqueous so lu t ion t o be e x t r a c t e d i s p laced in the 
th imble a l ready having a small amount of the so lven t t o be 
used for e x t r a c t i o n . Two t h i r d of the double-wal led space 
of t h e th imble i s f i l l e d v;ith t h e same so lvent which i s t o 
be used for e x t r a c t i o n . The condensers are f i t t e d and the 
f l a s k i s heated on a water b a t h . The so lven t vapours move 
\5 O 
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upwards through the cylindrical tube along the double-walled 
thimble thereby heating the solvent contained in it which in 
turn heats the aqueous solution to be extracted. The solvent 
vapours moving upwards condense in the condenser and trickle 
down on the thimble containing the solution to be , extracted 
and move downwards thus affecting extraction and passing 
out through the side tube. The process continues till the 
extraction is complete. 
EXPERIMENTAL 
About 0.5 gm glycyrrhizic acid is hydrolysed with 10% 
HpSO. and the hydrolysis product is placed in the thimble. 
The flask containing the solvent to be used for extraction 
as well as the condensers are fitted with the extractor and 
the apparatus is mounted on a gently boiling water bath. 
The rate of condensation of the solvent is adjuster' to 40-60 
drops per minute and the extraction is carried out in the 
usual manner. 
SiTiilarly about 0.2 gm of reserpine/rescinnamine 
is hydrolysed with methanolic KOH. y.ethanol is distilled 
off and the alkaline solution is transferred to the thimble 
and then acidified and extracted as in the case of the 
hydrolysis product of glycyrrhizic acid. The dcta have been 
M 111 
recorded in t ab le I . 
Table I 
S'Mo^ Substances 
, taken 
t 
t 
t 
I 
Solvent'Amount ofiContinu-,Green-tHarmanst Doering 
used tthe sub- lous Hot ,vjald's text ra- t ancJ Tar-
's tance textra- t s x t r a - t c t o r , v e r ' s 
•taken tctor ,ctor \ , e x t r a c -
t ffor hea-t t , t o r 
> i v i e r t » t 
« fsolventSt i 
1. Hydrolysis Chloroform 
products 
of glycy-
r r h i z i c 
ac id . 
2. Hydrolysis Chloroform 
products 
of reserpine 
and rescinn-
amine 
0.5 gm 2 hrs 5 hrs 4 hrs 
0.2 gm hr 3 hrs 2 hrs 
5 hrs 
3 hrs 
Note; All the figures are approximate as these studies mainly 
depend on the amount of the material to be extracted, 
the size of the extractor taken and the rate of conden-
sation of the solvent. 
RESULTS AMD DISCUSSION 
A comparative study v-ith some of the existing extractors 
has been carried out. The test materials used for these studies 
Jl] 
are the hydrolysis products of glycyrrhizic acid, reserpine 
and rescinnamirie. Chloroform has been used as the solvent for 
ex t r ac t ion . The'data have been recorded in t a b l e I . I t i s 
evident from the data tha t by v i r tue of i t s performance 
Harman's extractor i s the best amongst the ex i s t ing ext rac-
t o r s as i t takes only 4 hours for complete ex t rac t ion of the 
hydrolysis product of g lycyrrh iz ic acid and tv;o hours for 
the hydrolysis products of reserpine and rescinnamine* However 
the present hot ext rac tor i s even far more e f f i c i en t than the 
Harman's extractor as i t takes j u s t half the t i i e for complete 
ex t rac t ion of these products as compared to Harman's ext rac tor . 
'.5 
Chapter IV 
A new technique for the estimation of qlycyrrhizic and 
qlycyrrhetic acids from the Roots and Root Extracts of 
qlycyrrhiza glabra*. 
INTRODUCTION AND REVIEW 
Roots of Qlycyrrhiza in addition to qlycyrrhizic acid, 
the active principle responsible for the bioloqical activity 
of qlycyrrhiza roots and root extracts, also contain a large 
number of flavonoids, carbohydrates etc. which interfere 
in the estimation of qlycyrrhizic acid. Glycyrrhizic acid, 
present as its calcium or potassium salt in the roots, is 
a saponin and is a glycoside of glycyrrhetic acid, a triter-
pene acid. The glycosidic part being the glucuronic acid. 
The medicinal value of roots and root extracts of Glycyrrhiza 
is assessed on the basis of their glycyrrhizic acid content. 
It thus becomes essential to have adequate and accurate tech-
niques for the estimation of glycyrrhizic acid in order to 
assess the quality of Qlycyrrhiza roots and root extracts. 
Some of thgf'useful work already done in this respect is reviewed. 
49 
August reported the analysis of Licorice bonbons and 
similar products for glycyrrhizin content by dissolving 20 gms 
of bonbons in 50 cc water. The aqueous solution is centrifuged 
in four tubes after adding 25 ml. of alcohol in each tube. 
The supernatent liquid from all tubes is filtered and combined 
• . 5 - 1 
together. The filtrate is concentrated to about 25 ml. then 
10% HpSO^ is added inslight excess. The precipitate formed 
is filtered, vv'ashed with water and dissolved in dilute NH.OH. 
The NH - salt is evaporated to dryness and weighed to constant 
weight at 100°c. 
50 Erikson has determined glycyrrhizin in licorice 
powder and extract on the basis that glycyrrhizin on hydro-
lysis yields two molecules of glucuronic acid, CHO(CHOH)^.COOH, 
an aldehyde acid which reduced Fehling's solution. His deter-
minations are based on the cupric- reducing power of the 
aldehyde made available by the hydrolysis of glycyrrhizin. 
The percentage of glycyrrhizin is calculated directly (360 
parts of dextrose are equivalent to 896 parts of glycyrrhizin. 
51 
Gadais has estimated glycyrrhizin from licorice extract 
by dissolving the extract in boiling water. The aqeous extract 
thus obtain is mixed v;ith alcohol aid filtered. The filtrate • 
is evaporated and the residue dissolved in water. Glycyrrhizin 
is precipitated by HCl and finally converted into the NH,-salt 
and estimated. 
52 Houseman has reported that when roots are extracted 
with water one third of the glycyrrhizin is not accounted for 
and is presumably destroyed. He has recommended 95% ethanol 
for extraction of glycyrrhizin. He has estimated glycyrrhizin 
by dissolving the sample in water and precipitating gums and 
starch with a lcohol . The f i l t r a t e evaporated to dryness, 
dissolved in water, cooled for two hou£S at 10 C and glycy-
r rh i z in prec ip i ta ted by d i lu te H2S0.» The p rec ip i t a t ed glycy-
r rh i z in converted in to the MH^-salt and est imated. He has 
disapproved the method of Erikson as i t does not give accurate 
r e s u l t s . 
53 Gouirand has determined glycyrrhizin in licorice 
paste and lozenges basically on the same principle of extra-
ction v/ith water and precipitation of gums and starch with 
alcohol and finally by precipitation of glycyrrhizic acid by 
dilute H2SO4 which is then estimated as its NH.- salt as 
was done by earlier workers. He has however concluded that 
(1) No method gives.exact results if the amount of gum present 
is large, (2) the method described by him gives better results 
than others, especially if check experiments are made, 
(3) the results can not be used to indicate the percentage 
of licorice extract because the amount of glycyrrhizin varies 
in different roots; and (4) the loss of glycyrrhizic acid 
due to its solubility in water-at about 0.445i?o. 
54 Lmz has made a comparative study of suggested methods 
for the determination of glycyrrhizin in licorice and Succus 
liquiritiae. He has examined 27 methods and in conclusion 
has outlined a new procedure for the determination of glycyrr-
hizin based on the solubility determination of pure glycyrrhizic 
acid. 
t) Ul 
55 Houseman has reviewed the method of Linz and has 
reported a method for the determination of glycyrrhizin 
involving the removal of resins with ether prior to the 
extraction of glycyrrhizin with 75% alcohol. According to 
him the figures for glycyrrhizin in licorice roots, reported 
by other investigators are too low. 
56 
Peyer has suggested a procedure for the determina-
tion of glycyrrhizin by refluxing the powdered sample with 
alcohol and b% H^SO. for 3 hours followed by filtration. The 
filtrate is made amraoniacal, alcohol removed and resulting 
ammoniacal solution filtered. The filtrate is then treated 
with dilute H^SO^ (1+5) and the precipitated glycyrrhizic 
acid is filtered and dried at 75^C and Vi,'eighed to constant 
weight . 
57 
Cederberg has reported a procedure for the determina-
t ion of glycyrrhizic acid i s l i c o r i c e p repara t ions . The sample 
i s extracted and washed with absolute alcohol and acidif ied 
with H2SO4 and f i l t e r e d . The f i l t r a t e i s t r ea ted with d i lu te 
ammonia, evaporated to small volume and p rec ip i t a ted with 
4N. hUSO^. The p r e c i p i t a t e f i l t e r e d and taken in absolute 
alcohol and di lu ted to a def in i te volume. The f i l t r a t e and 
the alcohol extract are t i t r a t e d with 0 .1 N. KOH using thymol-
phtha'faein as ind ica to r . Tne percentage of g lycyrrh iz ic acid 
i s calculated by substract ing the value for H^SO^. 
58 
Eder and Anna Sack have critically reviewed the 
preceding methods^for the determination of glycyrrhizic acid 
and worked out a new and accurate method for its estimation. 
Its successive steps are: (l) the complete extraction of 
glycyrrhizic acid from the roots with 'oO% alcohol in HCl 
medium, Bartolo's colour test for glycyrrhizic acid (C.A.20: 
3458) being applied to the successive extracts, the weaker 
alcohol leaves the bulk of the resin undissolved, (2) the 
quantitative precipitation of glycyrrhizic acid by addition 
of saturated solution of lead acetate (Pb.(OAC) ) v^ hich separa-
tes glycyrrhizic acid from sucrose, dextrose, mannitol and 
gum, (3) distillation of furfuran from this precipitate by 
heating it with 12% HCl in an oil bath at 1!35°C according to 
the technique of Steenberger (CA. 12: 1866) end (4) precipita-
tion of furfuran either with phloroglucinol (Klingstedt, C.A. 
19:2465) or as in this method with barbituric acid (Unger and 
Jaeger, 3eg. 36, 1222 (1903); Dox and Plaisance, CA. 10: 
2751). After 16 hours standing, filter, dry and weigh the 
yellow compound CQH^N20.. From pure glycyrrhizic acid the 
autriors empirically obtained 13.75% of the yellow compound 
corresponding to 6.4^ furfural to be used as an equivalent 
for calculation of glycyrrhizic acid in commercial samples. 
59 Lehmann has noticed that copper salt of glycyrrhizic 
acid is stable and insoluble in water and hence can be used 
for the gravimetric determination of glycyrrhizic acid in a 
gooch crucible. 
Fuchs and Trauner. have developed a colorimetric 
method for the determination of glycyrrhizic acid in lico-
rice root. The procedure involves the extraction of the 
roots with 50% ethanol and 2% HCl in the ratio of 100:2. The 
extract is filtered, treated with saturated lead acetate 
(Pb.(A0C)2) '^^ ^ centrifuged. The precipitate thus obtained 
is refluxed with 3% H^SO. and cooled, the volume is made up 
to 50 ml and filtered. Known volumes are taken and mixed 
with aqueous naphthoresorcinol and concentrated HCl and 
heated for four hours with shaking. After cooling 2 ml alco-
hol is added and extracted twice with alcohol free etlhar. A 
blank is also prepared v^fith KCl and naphthoresorcinol alone. 
The comparison is made in a Pulfrich photometer using filter 
S 57 and a 2 cm. thick cell. For 0.5 ml aliquot Ex. 53.5 
equals the percentage of glycyrrhizic acid; for 1.0 ml Ex. 
26.6 and for 2.0 ml Ex. 13.3 equals the percentage of glycy-
rrhizic acid. 
Plaza has observed that when licorice extract is 
extracted vjith ethanol and N.H^SO. by gentle boiling the 
glycyrrhizin is extracted intact without decomposition. He 
has made use of this observation for the extraction of 
glycyrrhizin followed by the neutralization with I-^ .OH and 
precipitation of glycyrrhizic acid for the purpose of deter-
mination* 
Onrust _et _al_. have reported a method for the quantita-
tive polarographic determination of glycyrrhizic acid content 
of the evaporated aqueous extracts of licorice roots at pH 5.5. 
The diffusion current of glycyrrhizic acid decreases* If the 
determination is carried out at pH 7.5 the characteristic 
Wave disappears* This is attributed to keto-enol tautomerism 
in glycyrrhizic acid molecule, as the methyl ester displays 
the same pH dependance as the free acid* 
63 
Hada and Inagaki separated glycyrrhizic acid by paper 
chromatography and extracted with 50% ethanol and 0*05 N.NH.OH* 
Glycyrrhizic acid was estimated by measuring the optical den-
sity of this solution at 252 mu in 50% ethanol and at 258 mu 
in 0*05 M.NH4OH. 
64 
Murav'ev et_ _al_ have developed ascending and radial 
chromatographic techniques for the determination of glycyrr-
hizic acid from licorice preparation* They have recommended 
butanol,ethanol and ammonia (6:1:3) as the developing solvent 
mixture* Methyl violet and fuchsin at a concentration of 
0*05% gave distinct reaction. 
65 Shunsuke Ito of Maruzen Chemical Industry Co., Japan 
has taken a patent for the isolation of glycyrrhizic acid and 
«J0 
liquiritigenin from licorice extract by the use of anion 
and cation exchange resins. However the procedure is not 
quantitative. 
Brieskorn and Mahran -have developed a colorimetric 
method for the determination of glycyrrhetic acid in licorice 
roots and other preparations by extracting the material v^ dth 
ether to remove nonglycosidic triterpenes. The glycosidic 
part is hydrolysed with 10 ml concentrated H^SO. for 2 hours 
on the water bath, extracted with ether and shaken with 
charcoal to remove flavonoid material (about 3?o glycyrx^ hetic 
acid is also lost), filtered and diluted to 100 ml. A 20 ml 
aliquot containing not more then 1«6 mg of glycyrrhetic 
acid is evaporated to dryness, dissolved in 1 ml alcohol 
and tieated with 0.5 ml 1% alcoholic 2,6-di-tert-butyl-p-
cresol and 1 ml. 20% aqueous NaOH. The mixture is heated 
for 30 minutes to remove alcohol. The violet residue is 
dissolved in 20 ml. neutral acetone. The extinction is 
measured at 575 mu and the concentration of glycyrrhetic 
acid calculated from a calibration curve. The concentration 
of 1x1.75 gives the concentration of glycyrrhizic acid. 
The same workers have reported a column chromatog-
raphic technique for the isolation of glycyrrhizic acid from 
the roots of licorice orx moderately acidic alumina. 
j';J 
68 
Murav'ev and Ponomarev have developed a method for 
the deterrnination of glycyrrhizic acid in the roots of 
Glycyrrhiza glabra* The procedure involves the extraction 
of pulverised roots with 3% HNO^ in acetone. The acetone 
The acetone extract is diluted to 100 ml. A known amount of 
30% NH„ is added dropwise. NH.- glycyrrhizate is filtered, 
washed with acetone, dissolved in water, 20 ml formalin is 
added and after one minute the mixture is titrated with O.IN. 
NaOH. The accuracy is claimed to be j^ 0.27%. 
69 Dumazert and Van Luu have compared the methods prese-
ntely used for the assay of glycyrrhizic acid. The physio-
logical method is based on the heemolytic index of the sweet 
flavour of glycyrrhizic acid. The gravimetric assay is perfor-
med by precipitating its NH^- salt with FkSO.. The colorimet-
ric methods are based on the colour formation of the glucuronic 
acid with Tollen's reagent and by the treatment of glycyrrhetic 
acid with FUSO^ and vanillin. The glycyrrhetic acid can also 
be assayed spcctrophotometrically in the ultraviolet region. 
The EI^!^ in EtOH at 249 mu is 240. 1cm. 
70 
Murave'v and Ponomarev have taken out a patent on 
extract ion and isola t ion of glycyrrhizic acid following 
e s sen t i a l l y the same procedure reported by them e a r l i e r . 
The procedure involves extract ion of the roots by 3% HI^ IOo 
in acetone followed by treatment with 30% aequeous NH^ * 
40 
The precipitated NH^- salt is recrystallized from acetic acid, 
dissolved in water and treated with lead acetate. The lead 
complex is suspended in EtOH and H^S passed to decompose 
the complex, filtered and EtOH evaporated to give glycyrrhizic 
acid. 
MATERIALS AND METHODS 
Roots of Glycyrrhiza glabra and their aqueous extracts 
and formulations are extensively used in medicine. The active 
principle responsible for their medicinal value is glycyrrhizic 
acid, an acidic saponin. It is present in the roots as its 
Ca or K salt alongwith fats, sterols, flavonoid glycosides 
etc. The salt is known as glycyrrhizin. 
A large number of procedures, ~ •' reviewed above, 
have been reported for the extraction, isolation and estima-
tion of glycyrrhizin and glycyrrhizic acid. Hov^ ever none of 
them has proved to be resonable accurate for quantitative 
determinrDtions for quality assay of the samples. 
Glycyrrhizin is highly soluble in water and less so 
in ethanol and methanol. However when extracted with water 
or ethanol l/3 rd of the glycyrrhizin is reported to be 
52 lost during the course of extraction . 
The solubility of glycyrrhizin in cold methanol is 
very low whereas it increases appreciably in hot methanol. 
Moreover it has been noticed that there is almost no loss 
of glycyrrhizin during the course of extraction* This obse-
rvation led to the use of the Continuous Hot Extraction. 
Apparatus (chapter I) for the satisfactory extraction of 
glycyrrhizin. 
All attempts towards isolation aid estimation of 
glycyrrhizin and glycyrrhizic acid quantitatively have 
failed because of the inherent tendency of glycosidic lin-
kages in saponins to get partially hydrolysed when treated 
53 
with acids as well as because of the s l igh t so lub i l i ty 
of glycyrrhizic acid in water ( at about 0.445^). 
Obviously the only a l t e rna t ive l e f t for i t s estimation 
i s through glycyrrhet ic acid, the aglycone of glycyrrhizic 
acid. Shinoda _et _al. have made use of t h i s poszbi l i ty but 
ivith l imited success. They t rea ted the e thereal extract of 
g lycyrrhet ic acid v-/ith act ivated carbon to remove the 
pigments. This, however, while removing the pigments also 
resul ted in the pa r t i a l loss of g lycyrrhet ic acid which i s 
reported to be at l eas t 3%* 
In view of the necessi ty of an accurate assay procedure 
for the qual i ty assay of the samples maintaned atthe 
National Bureau of Plant Genetic Resources, Nev; Delhi, a 
technique has been developed and standardized for the 
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estimation of glycyrrhizic acid. 
This technique is based on the observation that when 
glycyrrhizin or glycyrrhizic acid is heated with 10% H^SO^ 
on a hot plate for two hours the glycosidic linkage is 
completely hydrolysed to yield glycyrrhetic acid, a triter-
penoid, as its aglycone. Sterol and flavonoid glycosides 
which invariably accompany glycyrrhizin are also hydrolysed. 
The hot metbanolic extract of glycyrrhiza roots, after 
removal of methanol, is dissolved in water and filtered. The 
aqueous extract containing glycyrrhizin and sterol and flava-
noid glycosides is hydrolysed with 10% H^SO^ on a hot plate 
for two hours. The aglycones are extracted with ether and 
the ethereal extract washed with b% KOH solution leaving 
behind only non acidic substances in ether. The alkaline 
extract is again acidified and extracted with ether several 
times to extract glycyrrhetic acid and flavonoids. These 
are then acetylated with acetic anhydride-toluene v/hich 
renders the flavonoids adequately resistant tov^ ards alkali 
treatment in the cold thus facilitating the determination 
of the free carboxyl group in glycyrrhetic acid. 
EXPERIMENTAL 
Isolation dnd Purification of glycyrrhizic acid: 
In order to get an exact idea about the conditions 
and extent of hydrolysis of glycyrrhizic acid to glycyrrhetic 
acid, glycyrrhizic acid was isolated from the methanolic 
extract of the roots of Glycyrrhiza glabra and was purified 
by repeated precipitation, conversion into its anrionium 
salt and recrystallization. It has been noticed that the 
hydrolysis of glycyrrhizic acid to glycyrrhetic acid is 
above 99% if it is heated with 10% H2SO4 for two hours on 
a hot plate (see Table I). 
TABLE I 
1' t S«No. «Amount of , Amount of 
'g lycyr rh iz ic , g lycyrrhet ic }acid taken , acid obtained 
I Percentage of 
hydrolysis 
« • - # — » — • — • — • — • • « • — ' • — * — • — • ^ • — • — • • - • — •' 
1. 
2. 
3. 
0.5020 
0.3854 
0.2143 
0.2860 
0.2200 
0.1218 
99.25 
99.86 
99.67 
Extraction, isolation and estimation of glycyrrhizic acid; 
10 gms of dried and powdered roots are extracted in 
a continuous hot extraction appratus first with ether for 
tvjo hours to remove fat, sterols and triterpenoids etc and 
then with methanol at reduced pressure for six hours. Methanol 
is then distilled off at reduced pressure and the residue 
thus obtained is dissolved in 15 ml of water and filtered. 
4 i8 
The flask and the f i l t e r v/ashed t h r i c e with 5 ml of d i s t i l l e d 
water. The combined aqueous ext rac t i s cooled to 4-6°C and 
t rea ted with cold 1% H2SO4 for p rec ip i t a t i ng glycyrrhizic 
acid. Glycyrrhizic acid thus prec ip i ta ted i s f i l t e r ed and 
washed with cold water (4-6°C) t i l l free of HpSO^ (about 
10 ml, three washings*). Prec ip i ta ted glycyrrhiz ic acid 
i s then dissolved in methanol and f i l t e r e d . The f i l t r a t e 
i s t ransfered to a weighed evaporating d i sh . Methanol i s 
removed on a gently boi l ing waterbath and the glycyrrhiz ic 
acid l e f t behind i s dried in an oven a t 100-105°C t i l l 
constant weight (see Table I I . ) * 
TABLE I I 
S.No. Specifications Amount of Anount of the Percentage of 
of the saTiple the roots precipitated glycyrrhizic 
taken glycyrrhizic acid 
(in gms) acid (in gms) . 
1. 
2. 
3. 
4. 
5. 
6. 
EC 2706 
EC 19741 
EC 25371 
EC 21950 
EC 25967 
EC 25409 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
0.5964 
0.3790 
0.5148 
0.4504 
0.4694 
0.4208 
5.964 
3.790 
5.148 
4.504 
4.694 
4.208 
4u 
Isolation and estimation of qlycyrrhetic acid from the precipitated 
qlvcyrrhizic acid> 
Precipitated glycyrrhizic acid obtained earlier (Table II) 
in dissolved in methanol and hydrolysed with 10%' H^SO. to yield 
glycyrrhetic acid. Glycyrrhetic acid was then separated according 
to the procedure mentioned earlier. The acid thus obtained was 
dried in the oven to constant Vi/eight (see Table III). 
TABLE I I I 
S • No Spec i f ic a- ,<Arflount of 'Amount of 
t i o n s of i p r e c i p i - ' g l y c y r r h -
t h e sam- i t a t ed g l y - * e t i c acid 
pie t c y r r h i z i c ' o b t a i n e d 
^ tacid t a k - ' ( i n gms.) 
•' I en ( in gms) 
Amount of 'Amount of Percentage 
a c i d i c ' g l y c y r r - tof g lycy-
and n e u t - ' h i z i c » r r h i z i c 
r a l subs- ' ac id tacid t h r -
t a n c e s ' c o r r e s - lough g ly -
o the r than 'ponding i c y r r h e t i c 
g l y c y r r h e - ' t o g l y - <acid 
t i c acid ' c y r r h e t i c i 
p r e s e n t i n ' a c i d » 
the h y d r o - ' ( i n gms.) « 
l y s i s Pro- ' » 
duct ( in gm5) ' 
1. 
2. 
3. 
4. 
5. 
6. 
EC 2708 
EC 19741 
EC 25371 
EC 21950 
EC 25967 
EC 25409 
0.5964 
0.3799 
0.5148 
0.4504 
0.4694 
0.4208 
0.2796 
0.1803 
0.1908 
0.1374 
0.2133 
0.1242 
0.0444 
0.0144 
0.0164 
0.0350 
0.0488 
0.0354 
0.4890 
0.3153 
0.3336 
0.2403 
0.3730 
0.2172 
81.99 
83.19 
64.80 
53.35 
78.82 
51.61. 
. — .— .-
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Iso la t ion and estimation of qlycvrrhet ic acid from the 
f i l t r a t e from Precipi ta ted qlycyrrhiz ic acid; 
The f i l t r a t e and vs/ashings from the prec ip i ta ted 
glycyrrhizic acid were col lected and hydrolysed with 10% 
H-SO." Glycyrrhetic acid was then extracted and separated 
according to the same procedure used e a r l i e r . The acid thus 
obtained was dried to constant weight (see t ab le IV). 
TABLE IV 
S.No. 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
Specifica-
t i ons of 
the samp-
l e s 
EC 2708 
EC 19741 
EC 25371 
EC 21950 
EC 25967 
EC 25409 
- Amount of 
roots 
taken (in gms) 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
Amount of Amount of 
t o t a l 
g lycyrr-
h iz ic 
acid obt-
ained 
from 
p rec ip i -
ta ted gl-
ycyr rh i -
zic acid 
and the glycyrr-
h iz ic 
acid 
(in gms) 
0.5717 
0.3779 
0.3962 
0.3023 
0.4342 
0.2780 
glycyrr-
he t ic 
acid 
- obtained 
from f i l -
t r a t e 
and was-
- hings of 
glycyrr-
h iz i c 
acid 
(in gms) 
0.0530 
0.0358 
0.0358 
0.0338 
0.0216 
0.0348 
Amount of 
glycyrr-
hizic 
acid 
corresp-
onding 
glycyrr-
het ic aci-
d(obta i -
ned from 
f i l t r a t e 
Percentage 
of glycy-
r r h i z i c 
acid l o s t 
during 
f i l t r a t i o n 
and v/ash-
- ing 
and washings 
of glycy-
r i h i z i c 
acid 
(in gms) 
0.0927 
0.0626 
0.0626 
0.0620 
0.0356 
0.0608 
16.23 
16.57 
15.80 
20.50 
8.19 
21.87 
a 
' i ' ^ 
'i: i 
Table V is a comprehensive table. It contains all the 
data including total glycyrrhetic acid from precipitated 
glycyrrhizic acid as well as from the filtrate and washings 
of the precipitated glycyrrhizic acid, the loss of glycyrrhizic 
acid during filtration and washing, the amount of acidic and 
neutral substances present» in the hydrolysis product as well 
as their percentages ( see table V). 
RESULTS AND DISCUSSION 
The results of hydrolysis of purefied glycyrrhizic 
acid given in Table-I clearly indicate that the hydrolysis 
carried out under the conditions specified above is almost 
quantitative and in all the three cases glycyrrhetic acid 
Was obtained in an yield of over 99 percent. 
Tables II & III bring about some interesting results. 
It is interesting to note that precipitated glycyrrhizic acid 
when hydrolysed yields a lesser amount of glycyrrhetic acid 
than expected. Further some neutral and phenolic and solvent 
insoluble constituents are also obtained from the same 
hydrolysis product. 
Table IV indicates the results of the extent of solu-
bility of glycyrrhizic acid in water even at a very low tempe-
rature. The amount of glycyrrhizic acid was calculated from 
the amount of the glycyrrhetic acid obtained from the filtrate 
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of precipitated glycyrrhizic acid. The extent of solubility 
from 8 to 21/o is presumebly due to the varyying amount of 
v/ater use for washings of precipitated glycyrrhizic acid. 
Finally a glance at Table-V gives a comprehensive 
picture of the complete procedure. The amount of glycyrrhizic 
acid obtained by precipitation (col.I), the amount of glycy-
rrhizic acid present in the filtrate from the precipitated 
glycyrrhizic acid (col. Ill), the amount of glycyrrhizic acid 
actually present in precipitated glycyrrhizic acid ( col. VII) 
and their percentages as v/ell as the amount and percentages 
of acidic, neutral and solvent insoluble matter, v;hich vary 
to a large extent from sample to sample, in the precipitated 
glycyrrhizic acid clearly indicate that the precipitated 
glycyrrhizic acid contains substantial amount of substances 
other than glycyrri.izic acid which makes the estimation by 
precipitation method an absolutely approximate method. Moreover 
the solubility of glycyrrhizic c^id in water also leads to a 
substantial loss of glycyrrhizic acid during the course of 
filtration and washing, the larger the amount of water used 
the greater is the loss o "^  glycyrrhizic acid. 
Thus the observations made and recorded in Table I to 
V clearly indicate that the present technique, although compa-
ratively lengthy and complicated, provides more accurate 
results than all other existing techniques. 
i)0 
Chapter V 
Determination of Hydroxyl value of Essential oils, isolates 
and terpenic and phenolic compounds*. 
INTRODUCTION AND REVIEV/ 
71 
Verley-Bolsing back titration technique . using 
acetic anhydride in anhydrous pyridine (15:85) was the 
only back titration technique reported till 1965 when the 
author published a paper entitled 'Acetic anhydride-Toluene 
72 
as a new reagent in back-titration Technique, for deter-
mining Hydroxyl value. 
Varley-Bolsing solvent system hes the advantages of 
simplicity, speed and minimal requirements of sample and 
the reagents. However, this procedure has two drawbacks 
which have restricted its practical application: (l) The 
high purity pyridine required is costly and not readily 
available in the less industrially developed areas; and 
(ii) substances containing more reactive groupings freque-
ntly produce deeply coloured resinous-' products which 
interfere v/ith the titration. Because of the latter draw-
back the reagent proved unsatisfactory viith terpene alcohols 
and, therefore, did not find much application in the field 
of essential oils. 
72 
Si 
MATERIALS AND METHODS 
In order to overcome the difficulties experienced 
while using the solvent systems mentioned above a new 
reagent consisting of acetic anhydride in dry toluene v/as 
developed and successfully employed for hydroxyl value 
determination in oils 8. fats, essential oils and a number 
of phenolic compounds. 
However, it was still felt that even this solvent 
system forms a reasonably high boiling solvent system 
vjhich may lead to polymerization of terpenic constituents 
producing resinous., coloured substances which interfere 
with the titration. 
In view of this the author tried a number of other 
solvents and successfully used acetic anhydride in dry 
benzene for the acetylation of such compounds. 
EXPERIMENTAL 
In a standard long-necked (12 cms) round bottom flask, 
fitted with a reflux condenser, is taken the sample (iOO-
250mg) to which acetic anhydride (AR, 5 ml 20 percent) in 
dry benzene is added from a microburette. The mixture is 
refluxed gently on a sand bath for one hr, allowed to cool. 
ii2 
Table I - Hydroxyl values of e s sen t i a l o i l s , i s o l a t e s and pure 
terpenic and phenolic compounds. 
Sample Hydroxyl value 
Experimental 
202-6 
186-88 
149-51-
150-52 
246-48 
9-11 
358-60 
249-52 
320-2 
246-48 
250-54 
372-74 
334-40 
348-51 
365-67 
390-93 
996-1004 
160-70 
Calculated 
205 (ref.73) 
120-90(ref.74) 
120-90(ref.74) 
140-55(ref.75) 
-
-
360 
252 
364 
255(Pure* 
santelol) 
255{Pure* 
vetivenol) 
374 
342 
342 
369 
390 
1018 
364 
Sandal wood oil (Mysore Govt.) 
Geranium oil (Bourbon ) 
Geranium oil (Delhi market sample) 
Vetiver oil 
Ajowan oil 
Cedarwood oil 
Menthol (Pure, Crystalline) 
Longifolyl alcohol (Crystalline) 
Primary alcohol fraction 
from Geranium (Bourbon) 
Santelol* 
Vetivenol* 
Thymol (Pure crystalline) 
Eugenol (E.Merck) 
Eugenol (isolated in La^ i^ oratory, 
phenol fraction) 
Vanillin (BDH) 
-Maphthol (E.Merck) 
Resorcinol 
Terpineol (Bush) 
l-Naphthol-2-sulphonic acid 
s a l i cy l i c acid 
Salicyl aldehyde 
* Primary alcohol f ract ions from sandalwood o i l s and ve t iver o i l 
ii3 
flask detached.and joint washed with distilled water. It is 
not necessary to rinse the condenser. Freshly boiled distilled 
vv/ater (25 ml) is added and the mixture titrated against 0.5 N. 
aqueous potassium hydroxide, using phenolphthalien as indica-
tor ^  Towards the end of the titration the flask and the contents 
are heated on a boiling water bath and the titration completed 
in the hot. The difference in the titre values between blank 
and experimental gives the equivalent of the amount of anhy-
dride taken up by the substance and the hydroxyl value is 
directly calculated as the number of mgs. of KOH equivalent 
to the acid taken up per gm. of the material. The difference 
should not be more than 16 percent of the blank-titre value 
corresponding to 66 percent excess of the reagent. For accurate 
results, the experimental conditions should be strictly adhered 
to other\^ 'ise esterification v^iill not be complete. 
RESULTS AND DISCUSSION 
The hydroxyl values of a number of essential oils and 
terpenic and phenolic compounds determined by this technique 
are given in Table-I and compared with the expected values. 
The results presented in Table-I show that the method is 
satisfactory for essential oils containing primary and secon-
dary alcohols and pure and isolated primary, and secondary 
•)'4 
alcohols* Es te r i f i ca t ion of t e r t i a r y alcohols takes place to 
the extent of 40-45 percent . Therefore, the method i s not 
sa t i s fac tory for t e r t i a r y alcohols or e s sen t i a l o i l s containing 
appreciable proportions of these alcohols* Acetylation of 
phenolic hydroxyl takes place quant i ta t ive ly in the case of 
thymol, eugenol, o(-naphthol and v a n i l l i n . Hov^ever s a l i c y l i c 
acid, sa l icy l aldehyde and l-naphthol-2-Gulphonic acid do 
not absorb any acet ic anhydride probably due to s t e r i c 
hindrance. 
Thus, the technique can be used s a t i s f a c t o r i l y in a l l 
cases where the conventional methods of acetyl value de te r -
mination are employed. I t has the addit ional advantage of 
requiring l e s s material and reagents and i s ver'y simple as 
i t cons i s t s of a single stage t i t r a t i o n without any experime-
n ta l manipulations whft so ever . 
d>rj 
Chapter VI 
A nevj t echn ique for the e s t ima t ion of r e s c r p i n e from t h e 
r o o t s and r o o t e x t r a c t s of Rauwolfia spec ie s* 
I^ '^RODUCTION MD REVIEW 
Roots of Rauwolfia in addition to a large number of 
strongly basic alkaloids also contain reserpine, deserpi-
dine, rescinnamine, and rescidine which are feebly basic 
in character. The former two are 3,4,5-trimethoxy benzoyl 
esters of reserpic acid and the latter two are 3,4,5-trime-
thoxy cinnamoyl esters of reserpic acid. 
The high therapeutic value of these alkaloids is v/ell 
established and the importance of procedures £or their 
isolation and estimation can not be ignored as these proce-
dures will lead to the assessment of the quality of drugs 
containing these constituents. 
The index Kewensis lists more than 175 species of 
the genus Rauv^ o^lfia. The crude drug v;as reportedly used in 
Indian medicine as a febrifuge, a remedy for snake bite 
77 
and a cure for dysentry . Hypotensive activity of an extract 
78 
from Rauwolfia was reported in 1933 and in 1952 a hypoten-
79 
sive and neurosedative principle, reserpine , was isolated. 
i)D 
Later th ree more similarly active a lkaloids e .g . rescinna-
Rn 
mine, deserpidine and rescidine were isolated from the 
same plant. 
Techniques have been developed and standardised 
,for the isolation and estimation of reserpine and allied 
compounds for exploitation at commercial level. Several 
semimicro techniques for their estimation have also been 
developed. Some of them have been reviewed beloV(/: 
Sakal and Merrill have described a method for UV 
spectrophotometric determination of reserpine in relatively 
pure preparations by direct assay, applying appropriate 
corrections for UV absorbing contaminations, and in cruder 
preparations by a preliminary separation by paper ionopho-
resis. Similar methods have been described for the assay of 
tablets prepared v-;ith crystalline reserpine or mixtures of 
Rauwolfia alkaloids. 
oo 
Dhar and Bhattacharjee have described a method for 
the estimation of reserpine based on the spectrophotometric 
determination of 3,4,5-trimethoxy benzoic acid l ibe ra ted 
from i t by alkal ine hydrolysis and separated by paper chro-
matography using equal volumes of aqueous ammonia {2%) 
and n-butanol as solvent system 
83 Dechene has reported a fluorometric method for 
the estimation of reserp ine . He has observed tha t the 
intensity of the fluorescence of solutions of reserpine 
is increased about 10 times by heating with FUOp* This 
intensity is proportional to the concentration of reser-
pine* 
84 
Banerjee and Chatterjee have observed that reser-
pine can not be estimated in crude and partially purified 
preparations by fluorometric procedure as substances other 
than alkaloids interfere* They have presented a fraction-
ation technique for the preparation of a suitable fraction 
for fluorometric analysis. 
85 
Hamied and Bakshi have used the fluorescence of 
these alkaloids in the UV region for analytical purposes* 
They have extracted the acid solution containing the alka-
loids with CHCio Vi/hich selectively removes reserpine. The 
CHCI3 is evaporated, residue dissolved in AcOH and subjec-
ted to electrophoresis. The dried filter papers are examined 
under UV light and the reserpine zones (green fluorescence) 
are cut out, extracted with 5 i\'. acetic acid let stand 
overnight and then compared photometrically with a standard 
sample. 
86 
Kidd and Scott have utilized the behaviour of 
resgrpine in a countercurrent apparatus when distributed 
between a number of systems, especially Et20-CHCl2(3:1) 
buffered at pH 3.1 , for the determination of reserpine in 
small samples of Rauvjolfia* 
PI 
Yamaguchi _et. _al_ have noticed that reserpine or its 
fresh solution does not exhibit fluorescence under UV rays. 
He also observed that stock solution of reserpine dissolved 
in CHClo or MeOH v/as comparatively stable, but when 5 N. 
acetic acid solution was stored at room temperature, a new 
absorption max. at 3880A was observed with a marked fluore-
scence under UV rays presumably owing to a degradation 
product of reserpine. They observed the same fluorescence 
under UV rays on the spots of reserpine on filter paper, 
which became more intense when the paper was heated at 
105 in an atmosphere of mixed vapours of WJ^^ and AcOH. 
They spotted various amounts of reserpine (0.2-1.5) on 
'u'hatman No. I filter paper, treated as above, cooled and 
measured the fluorescence intensity at 5000-500 A. A linear 
relation was found to exist between the amount of reserpine 
and fluorescence intensity. 
go 
Banes studied the modified. Szalkowski and ?v1ader 
HNO2 method for the determination of reserpine (CA.50:17337 d) 
on (a) a c r y s t a l l i n e reserpine standard containing at l e a s t 
91% reserpine and (b) a simulated t a b l e t granulation con ta i -
ning 0.128^0 reserpine with crustarch, l a c t o s e , talcum, 
steari^c acid e t c . Recoveries from (a) were 96.6% and from 
ii9 
(b) were 0.125?^. 
89 Poisson has used the estimation of 3,4,5-trimethoxy 
benzoic acid for the estimation of r ese rp ine . The acid i s 
l ibera ted from the reserpine by saponif icat ion, extracted 
with e ther , dr ied, f i l t e r ed and di lu ted v-iith ether to 100 ml 
(so ln .A) . Five ml of t h i s solut ion i s evaporated to dryness 
and dissolved in a volume V of EtOH« The spectrophotometric 
reading i s taken at 261 m^ . Since 1 gm trimethoxy benzoic 
acid Qorresponds to 2*868 gm reserpine , the l a t t e r i s ca lcu-
la ted as P = ax Vx 57.4/p where P i s percent reserpine , a 
i s mg. percent acid and p i s gm sample. 
90 
Pervacheva and Ruzhentseva saponified the alka-
lo ids from 5 gms of roots ivith 10 ml N.NaOH solution in 
MeOH on a waterbath for 1-2 hours in order to obtain t h e 
3,4,5-trimethoxy benzoic acid, acidif ied with H^SO ,^ added 
5% NaHCOo* extracted the ba l l a s t substances with CHCI3, 
evaporated the CHCloj again acidif ied the a lkal ine solut ion 
with 10?^  H^SO^, extracted with CHCl3,CHCl3 d i s t i l l e d off, 
3,4,5-trimethoxy benzoic acid dissolved in EtOH and chroma-
tographed. Applied the pure 3,4,5-trimethoxy benzoic acid 
to one s t r i p of paper and samples obtained from reserpine 
on 4 other s t r i p s . Treated the paper chromatograms with 
BuOH-2% NH^ OH for 5-6 hours, dried in t h e a i r , cut the 
bO 
s t r i p s containing pure 3,4,5-trimethoxy benzoic acid and the 
one obtained from reserpine and developed the chromatograms 
with alcoholic solution of bromocresol green (40 mg^  in 
100 ml. alcohol)* Blue spots on a yellow background indicated 
the locat ion of the M-k-salt of 3,4,5-trimethoxy benzoic acid. 
They marked the portions of about 6 cms in length on the 3 
remaining undeveloped papers the centre of which correspond 
to the place of the spot of trimethoxy benzoic acid. They 
cut these port ions extracted v/ith O.iN NH^ OH and measured 
the opt ical density at 250 mp in 1 cm ce l l* The percentage 
(x) of reserpine in the roots was determined as fol lows:-
X - a b X 2.84 x lOO/cl, where a i s the content of 
trimethoxy benzoic acid in 1 ml of solut ion, found on the 
ca l ibra ted curve { in gm) b i s the volume of the ex t r ac t ( in ml) 
1 i s the volume of the solut ion brought on to the papex 
for chromatography ( in ml) , 2.84 i s the conversion factor 
of trimethoxy benzoic acid into reserpine , and c i s the 
weight ( in gm). 
91 Anon has presented a method for the determination 
of 0.1-1% of reserpine- like alkaloids in aauwolfia and 
its extracts. He separated the weakly basic alkaloids by 
solvent partition and estimated colorimetrically based on 
their reaction with NaN02 an^ i sulfamic acid. He has also 
given a qualiitative colorimetric detection procedure of 
trace amounts of reserpine based on the reaction with vanillin. 
92 
Basu and Ghosh macerated 10 gms powdered roots of 
Ranvjolfia serpentina with 100 ml. CHCI3 and 10 ml d i lu t e 
NH.OH for 24 hours and then f i l t e r e d through cotton wool. 
Extracted 50 ml of the f i l t r a t e with 4 por t ions of 0.5 N. 
H2SO. to remove the stronger alkaloids and colour* Extracted 
the combined acid ex t rac t s with 4 port ions of CHClo "to 
separate the weaker a lka lo ids . Extracted the CHClo ex t r ac t , 
di luted v;ith Et^O, with 5 port ions of 2% c i t r i c acid. The 
l a t t e r were made alkal ine with 10 ml. concentrated NH.OH, 
re-ext racted with 4 port ions of CHCI3. hashed the f inal 
CHCl^  extract with water, dried and f i l t e r e d , d i s t i l l e d 
off the CHCI2 in vacuo at 55°, dissolved the residue in 
40 ml AcOH and t i t r a t e c ' with O.OIN. HCIO4 using 0,1% 
quinaldin red in absolute methanol as an ind ica to r , to the 
disappearance of the pink colour . Each ml of O.OIN.HClO.= 
0.006087 g of v f^eaker bases calculated as r e se rp ine . 
93 
Tsarenko and Shraiber extracted 2 gms of f inely 
powdered roots of Rau'^'olfia vomitoria with ethanol for 
4 hours, reduced the volume of EtOH and submitted an al iquot 
of i t to discending paper chromatography, using CKClo- CAiAlil) 
as solvent system saturated with HC02NH2* Eluted the spot 
y2 
which became yellow-green in UV light with EtOH» j\iixed an 
aliquot of this solution with 1 ml 2N.H2SO. and 1 ml 0.3% 
NaNOo and after one hour with 0*5 ml 5^ fresh sulfamic acid. 
Determined the optical density of this mixture at 391 m/j, 
using the reagent mixture as a blank. Calculated the concen-
tration of reserpine using a calibrated curve. Roots of 
Rauwolfia vomitoria had approximately 0.6% reserpine* 
94 Kaess and Mathis estimated a large number of 
alkaloids, natural and synthetic, by thin layer chromatog-
raphy using silica gel G as adsorbent and CHClo- acetone-
Et^NH (5:4:1) as solvent system. They applied a small drop 
of the solution and several drops of AcCl on the chromatogra-
phic plate. Volatilized the excess reactant after 2 or 3 
minutes by heating the plate at 120° for 10 minutes. Cooled 
the plate in a desicator and developed the chromatogram. The 
sensitivity was 5-10 r alkaloid. A table shows the fluorescence 
a t 365 m|j. 
95 
Hsi-shui Chou et a l . t r i e d 20 dyes for colorimetric 
determination of reserp ine . A few of them formed sensi t ive 
addition products V'/ith reserpine in CHClo* They have recomm-
ended the bromocresol green method for the determination of 
reserp ine . They shook 1 ml of 0.025% solut ion of reserpine 
with 49 ml. CHCI3, 10 ml phosphate- c i t r a t e buffer (pH3+ 0.5) 
and 5 ml of bromocresol green so lu t ion ( 0 . 4 gm in 40 ml 
0 .02 M.NaOH, d i l u t e d t o 500 ml . ) for 5 minu te s , and allowed 
t o stand for 1 hour . Measured the CHClo e x t r a c t a t 420 m/a 
aga ins t a r eagen t b lank. The colour was s t a b l e for 8 hours 
a t room tempera ture and obeyed Bee r ' s Law when the concen t r a -
t i o n of r e s e r p i n e was 2 - 2 3 r . This method gave a mean d e v i a -
tion of / ± 2%, 
Q5 
V/eaver' extracted tablets containing reserpine with 
CHClo and resolved reserpine by thin layer' chromatography 
on silica gel. He accomplished the quantitation by visual 
inspection and claimed the accuracy to be within 10%. 
97 
Rutkowska and Woj sa have reported a procedure for 
the determination of reserpine from crude alkaloidal prepara-
tions based on the uv fluorescence measurements following 
thin layer chromatography. They used SiO^- cellulose-starch 
(10:4:0.25) as adsorbent and MeC0Et-xylene-Me0H(l0:l0:2) 
as developing solvent. iMarked off the zones corresponding to 
reserpine in uv light and scraped off the adsorbent, eluted 
with a 40% aqueous AcCH-CS^b H2O2 solution (95:5). The stan-
dard deviation of the determinations was 2.6%. 
98 
Georg ievsk i i e t a l . have e s t ima ted r e s e r p i n e ( I I I ) 
p o t e n t i o m e t r i c a l l y (g l a s s -ca lomel ) from a mixture of 
a jmal ine ( l ) and s e r p e n t i n e ( I J ) with 0.025 N.HClO. in MeOH. 
4 
k>4 
The f i r s t po ten t ia l jump was I I , the second represented the 
sum of I and I I . They dissolved another sample in 20 ml 
acetone(Me2^°) and t i t r a t e d with O.O25N.HCIO4 in AcOH. The 
f i r s t jump corresponded to the t i t r a t i o n of the sum of 
I I and I I I and the f i r s t d issocia t ion step of I , the second 
jump was caused by the second dissocia t ion step of ! • Maximumi 
error was 1%* 
99 Poet ter and Voigt separated reserpine by th in l ayer 
chromatography, using 2 mobile solvent systems by a stage 
(or step) technique* In t h e i r procedure the f i r s t solvent 
system, n-hexane~MeCOEt-MeOH(l:1:1) carr ied the alkaloid 
mixture to 6 cms above the s t a r t i ng point ( 10 minutes) then 
the solvents were allowed to evaporate for 3 minutes at room 
temperature and the p la te was dipped into the second solvent 
system MeOH-MeCOEt-n-heptan (8.4:33.6:58) un t i l the solvent 
was 16 cms. Above the s t a r t i ng point (50 minutes) . The second 
system affected the separation of reserpine from 3-isores-e-
rp ine . After the development the th in layea: chromatographic 
plate was best dried for 1 hour at 80°. The best eluent for 
reserpine was CHCl2-We0H(J:l). In t h i s procedure only small 
amounts of reserpine were destroyed. I t was then determined 
quant i ta t ive ly by uv spectrophotometry using a standared 
curve. They claim that the method gave ful ly reproducible r e s u l t s . 
bi^ l 
100 Velichkina has determined reserpine by vertical 
electrophoresis. The extraction of reserpine (O.Ol mg./i^ l*) 
v.'ith CHCI3 was best performed at pH 3 (ACOH) . He introduced 
0.1 mg of reserpine to 100 mgs of a biological material 
and extracted it as described above. The extracts were then 
evaporated to dryness at room temperature and the residues 
v^ ere dissolved in 5 ml. 30% ACOH. The solutions v^ eie then 
examined by horizontal and vertical electrophoresis. The 
recovery of reserpine v/as 20-30% and 70-80?^ respectively. 
101 
H a r r i s ejt _al.. developed a method of e s t ima t ion of 
r e s e r p i n e based on t h i n l a y e r chromatography of alcohol 
e x t r a c t s of the bark of Rauwolfia cumminsii on s i l i c a gel 
G and an extended solvent run of 15 cms. They obta ined bes t 
r e s u l t s by using 3u0H-MepC0-isooctane ( 8 . 4 : 3 3 . 6 : 5 8 ) as the 
mobile so lven t and e l u t i o n by abso lu te a l c o h o l . The recovery 
of r e s e r p i n e was'*^97jo. The root bark sample y i e lded 0.44% 
r e s e r p i n e ( lower than t h a t of R. vomi tor ia and R. mombasiana. 
102 
Hakkesteegt estimated reserpine (I) in presence 
of i s o r e s e r p i n e ( I I ) and o t h e r c l o s e l y r e l a t e d a l k a l o i d s 
by p i p e t t i n g out 1 ml of a s o l u t i o n con t a in ing 75-300 ug. 
of r e se rp ine in 96% E t O H ( l I l ) . Immediately mixed " i t h t h i s 
2 ml of an aged so lu t i on of 200 mgs. of p- (d imethyl amino) 
benzaldehyde in a mixture of 16 gms. H^O and 60 gms HpS0_^. 
After hea t i ng at 70° for 30 minutes and then coo l ing , 4 ml . 
bl) 
of I I I were added. Precisely 5 minutes a f t e r mixing the 
absorbtion v/as measured at 610 myu. The Qeer-Lambert Law 
was obeyed and the standard deviation was found to be 1.7?o« 
103 Barkan has described a method for tiie determination 
of reserpine in t ab le t formulations. He t r i t u r a t e d a su i tab le 
amount of t a b l e t material with Me^SO ,^ incorporated on to 
c e l i t e and t ransfer red to a chromatographic column containing 
acid, base and water l a y e r s . The reserpine was eluted with 
CHClo snd quanti tated spectrophotometrical ly. Duplicate 
r e s u l t s from l6 col labora tors averaged 100.7^^ recovery as 
determined by uv and 98.8% recovery as determined by c o l o r i -
metric ana lys i s . 
104 
Hakkesteegt determined reserpine at concentrations 
of 300-900 ^ g. oxidimetrically by treating it with a redox 
mixture of SxlO" M CT,^ and 6x10"^ ^ M Cr . During oxida-
tion with this mixture and H2S0^, reserpine lost 2 electrons 
6+ to form yellow 3-dehydroreserpine. The excess of Cr was 
then titrated biamperometrically with (NH,)^ FeCSO.)^ at 
150 mv between Pt. electrodes. Relative errors were "^ to 
-2% and correction factors were given for various amounts 
of reserpine. He obtained most accurate results with an oxi-
dation time of 15 minutes at 21°. The reserpine was determi-
ned in tablets by treating the crushed tablets with celite 
5 • 
iQ V 
545 moistened v/ith saturated NaHCOo, and eluting vilth CHClo* 
The hydrolysis products of rescrpine were then extracted 
with N.HCl before the reserpine was oxidised and titrated. 
105 
Los and Court estimated the alkaloids of Rauwolfia 
caffra Sond by quantitative thin layer chromatography followed 
by uv spectroscopy after quantitative elution of the indivi-
dual alkaloids* The product collected in Northern Transwaal 
had total alkaloid content of 2»297^ , the chief strongly basic 
alkaloid being ajmaline (l.21%) with serpentine (0.90%). 
The chief weakly basic alkaloid was ajmalicine (O.iO^) with 
rescinnamine (O.Ol^) and reserpine (0.07%). 
McGahren et _al_ have described a procedure for the 
determination of reserpine and rescinnamine based on the 
yellowish-green colour produced by both of the alkaloids on 
treatment with NaN02 and H^SO.. They felt that both these 
alkaloids produced the same coloured species in nearly 
equal amounts with maximum absorption at 385 nm., both 
compounds possess identical indole type structure. However, 
the absorption at 385 nm is not exhibited by deserpidine. 
107 Kabadi _et _al_. have determined reserpine in single 
tablets by scmiautomated fluorometric and colorimetric 
methods for 0.25 and 0.5 mg potency tablets. They analysed 
the yellow green fluorogenic product formed by the reaction 
of rescrpine and nitrous acid in the automatic analyser 
system. Measured the fluorescence at 510 mu using the excita-
tion max* of 390 mju. In the colorimetric determination 
measured the absorbance spectrophotometrically at 390 mju. 
The fluorometric method is more sensitive than the colori-
metric method. 
108 Garcia and Jose have studied determination limits 
for reserpine in anhydrous ACOH by colorimetric procedure 
with samples containig 100,50,25,12,5,6.25 and 3.12 mg. 
reserpine respectively. The accuracy was 100^ Vvdth a 100 mg 
sample and progressively less with others. 
109 Trevisani and Ambrosetti have resolved a mixture 
of reserpine (l), ethyl 7-flavonoxy acetate (II), papavarine-
HCl (III) and vitamin C (IV) containing 5,50,100 and 250 mg. 
respectively by suspending a fine powder of the mixture in 
60 ml dioxane at room temperature. The resulting suspension 
was slowly filtered giving a solution containing I and II 
and a residue containing III and .IV. The solution containing 
I and II was concentrated and mixed with 3 gm of oxidized 
cellulose powder previously washed with 5 N. i.COH. This 
mixture v^ as transfered to a 2 x 20 cm column filled with 
cellulose and eluted v;ith 250 ml. 5N. ACOH giving a solution 
of I which was determinea at 267 m^ j. The purity of the 
isolated compounds v/as tested by thin layer chromatography 
Dii 
e l u t i n g for 35-45 minutes wi th AC0H-Me2C0, MeOH-C^H^ 
(5 :5 :20 :70) and d e t e c t i n g with i o d o p l a t i n a t e reagent or 
uv r a y s . 
iViirzazade c a r r i e d out t h i n l a y e r chromatography 
on unbound Al^O^ a c t i v i t y I I wi th CgH^--EtOH(9:1) d e t e c t e d 
t h e spo ts by t h e ye l low-green f luorescence in uv l i g h t , 
e l u t e d wi th CHC1„, CHClo evapora ted and t h e r e s idue d i s s o l v e d 
in Et 0H« To 1 ml EtOH s o l u t i o n (20 ^ g . r e s e r p i n e ) added 1 ml. 
2N« H2SO. and 1 ml 0.4% NaN02; 1 hour l a t e r added 0 . 5 ml 
40% urea and allowed t o s tand for 30 m i n u t e s . The absorbance 
was measured at 372 rryu a g a i n s t a r e fe rence prepared by 
mixing a l l the reagen t s and adding the sample a f t e r the 
add i t i on of u r e a . Re la t ive e r r o r was 1.26-1.73%. 
Page has r epo r t ed semi automated method for the 
de t e rmina t ion of r e s e r p i n e in t a b l e t s by .automatic sampling 
of a CHClo s o l u t i o n of r e s e r p i n e t a b l e t s washing s u c c e s s i v e l y 
v>/ith aqueous s o l u t i o n s of c i t r i c acid and NaHCO^ and d i l u t i n g 
wi th MeOH. The CHClo-MeOH s o l u t i o n was s p l i t i n t o 3 s t reams; 
One flowed s e q u e n t i a l l y th rough 2 uv spec t ropho tomete r s ! 
r eco rd ing t h e absorbances a t 268 and 295 nm; the o the r two 
s t reams were used for the c o l o r i m e t r i c assay ( a d d i t i o n of 
HCl and NaN02) and blank (NaN02 o n l y ) . Day-to-day r e l a t i v e 
s tandard d e v i a t i o n s were 0 .40-0 .95%. 
7 s) 
112 Dow and Grant modified the method of Barkan and 
Kunze, to avoid the interferences from excipients, for the 
estimation of reserpine from uncoated reserpine tablets 
representing 108 formulations from 60 drug manufacturers. 
The changes involved column and sample preparation. The 
standard deviations of the modified procedure were 1.54% of 
declared uv assay and 0-90% declared colorimetric assay at 
the 0.25 mg/ tablet level. 
A4ATERIALS M D METHODS 
Reserpine, deserpidine, rescinnamine and rescidine 
are weakly basic alkaloids. The former two are 3:4:5-trimethoxy 
benzoyl esters of reserpic acid and the latter two 3:4:5-
trimethoxy cinnamoyl esters of reserpic acid. 
In reserpine the reserpic acid molecule has two methoxyl 
groups whereas in deserpidine it has only one methoxyl group. 
Similarly in rescinnamine there are two methoxyl groups in 
the reserpic acid molecule compared with only one in the 
rescidine. However in rescidine one hydroxyl group is also 
present in the reserpic acid molecule. Attempts to utilize 
the presence of an additional methoxyl group in reserpine 
and that of a hydroxyl group in rescidine as well as the 
presence of a double bond in the side chain of cinnamic acid 
for the estimation of these four closely related alkaloids 
• 1 s 
i I 
have not succeeded because of the presence of dese rp id ine 
and r e s c i d i n e in t r a c e s . 
Fu r the r i t has been no t i ced t h a t e s t i m a t i o n of r e s e r -
pine and rescinnamine d i r e c t l y y i e l d s u n r e l i a b l e r e s u l t s as 
when appl ied on TLC, developed, a p p r o p r i a t e f r a c t i o n s cu t and 
e l u t e d and sub jec ted t o U.V. spect rophotometry the r e s e r p i n e 
and rescinnamine undergo c e r t a i n t r a n s f o r m a t i o n s as t h e same 
c r y s t a l l i n e r e s e r p i n e and rescinnamine which give one spot 
on TLC a f t e r e l u t i o n y i e l d t h r e e s p o t s . 
However, a l t e r n a t i v e l y , a procedure based on t h e 
e s t ima t ion of 3 :4 :5 - t r ime thoxy benzoic ac id and 3 :4 :5 - t r ime thoxy 
cinnamic acid obta ined on h y d r o l y s i s of t h e s e a l k a l o i d s has 
been developed. Dried and powdered r o o t s a re f i r s t e x t r a c t e d 
wi th petroleum e t h e r and then with ch loroform. The chloroform 
e x t r a c t concen t r a t ed and then hydrolysed v.'ith 10% methanol ic 
KOH. The a c i d s t h u s ob ta ined methylated wi th diazomethane, 
appl ied on TLC alongv.dth t he au then t i c samples , a p p r o p r i a t e 
f r a c t i o n s c u t , e l u t e d and then f i n a l l y processed for e s t i m a -
t i o n pu rposes . 
EXPLaiMENTAL 
I s o l a t i o n of r e s e r p i n e and rescinnamine; 
Roots of Hauv-'olfia conta in two t y p e s of a l k a l o i d s e . g . 
weak bases and comparat ively s t ronge r b a s e s . These two groups 
have d i s t i n c t c h a r a c t e r i s t i c of being l i b e r a t e d at d i f f e r e n t 
' / • • 2 
pH. This characteristic property is utilized for their sepa-
ration and isolation. 
About 200 gms. of dried and powdered roots were first 
extracted with petroleum ether and then with ethanol• The 
ethanol extract was then treated with 3% tartaric acid to 
bind stronger alkaloids. Ethanol was then removed and the 
material extracted with chloroform v/hich extracted reserpine 
and rescinnamine group of alkaloids alongwith acidic, phenolic 
and neutral substances. The chloroform extract v^as then 
washed with 5^ sodium carbonate solution to remove acidic 
and phenolic substances. The chloroform extract was then 
dried, filtered and repeatedly chromatographed on silica gel 
columns using CHCIQ- MeOH (95:5). The appropriate fractions 
were collected and recrystallized to yield about 150 mg 
reserpine and about 70 mg rescinnamine. 
Isolation of total acids:-
Dried and powdered roots (l gm) are first extracted 
with petroleum ether and then with chloroform. The extract, 
after removing chloroform is hydrolysed with 10 ml. IN.methanolic 
potassium hydroxide for two hours. Methanol is then distilled 
off and the alkaline solution is diluted with 10 ml. of water, 
extracted with chloroform (4 times) acidified with dilute 
hydrochloric acid and re-extracted with chloroform.. The total 
acids thus obtained are then taken in ether, dried over 
' I •;. 3 
sodium suiphate and filtered. The ether evaporated to give 
total acids> 
Preparation of standard curve;-
Five different concentrations of methyl ester of 
triinethoxy benzoic acid e.g* 8»4, 6, 4.8, 3«6 and 2.4 jug/ml 
were taken and subjecter' to u.v. spectrophotometry (Table-I) . 
TABLE -I 
Absorbance of pure MeTfAB at /^ max 215 and ^ max 268 
S.No« Concent ra t ion of Absorbance a t Absorbance a t 
MeTMB/ml )[ max 215 ;^  max 268 
(in /Ugs.) 
I 
I I 
I I I 
IV 
V 
8 . 4 
6 . 0 
4 . 8 
3 .6 
2 . 4 
1.33 0.37 
0.96 0.27 
0.77 0.22 
0.57 0.16 
0.38 0.11 
Standard curves were then drawn for concentration versus 
absorbance at A max 215 and 268 (Figs. 2 and 3.). 
Estimation of reserpine:-
Total acids were obtained from 9 ilauwolfia roots 
samples according to the procedure mentioned above and methy-
lated with diazomethane. Known quantities of methyl esters 
of these acids ranging from 3.6 to 11*7 /jg/ml. were then subjected 
to u.v. spectrophotometry and from the absorbance at /^  max 215 and 
}\ max 268 the concentration of methyl ester of trimet' oxy benzoic 
acid per ml. of total acids v;as found out from the calibration curve 
(Fig. 4 and 5.). 
TABLE-II 
Reserpine estimation through MeTMB at ?) max 215 
S.i'Jo. Specification of Wi. of Concentra- Absorban- Concentra- Percentage 
the sample total tion of ce of me- tion of me- of reser-
acids total aci- thyl est- thyl ester pine 
from ds per er of of trime-
100 gms ml. 
roots (in /ag) 
(in gms) 
1. COK 0.1120 3.60 
2. COK^ 0.2337 7.48 
3. Dl^^ 0.3656 11.70 
4. H^ 0.3234 10.35 
5. HK3 0.1256 3.96 
6. I.-'. 1188-2 0.1240 7.92 
7. I.VI. 1188-16 0.2252 7.21 
8. I.'.T. 2698-22 0.3375 10-80 
9. Rauwolfia 0.2945 9.42 
vomitoria 
trimetho-
xy benzo-
ic acid 
0.13 
0.43 
0.42 
0.36 
0.27 
0.55 
0.42 
0.39 
0.55 
thoxy ben-
ic a cid 
per ml. of 
total acid 
(in pg) 
0.8 
2.7 
2.6 
2.3 
1.7 
3.4 
2.6 
2.4 
3.4 
s 
0.0669 
0.2269 
0.2185 
0.1933 
0.1450 
0.1425 
0.2184 
0.2017 
0.2859 
C) 
The data regarding the absorbance of the methyl esters of 
the total acids from Rauvvolfia roots for reserpine estimation 
through HB thyl ester of trimethoxy benzoic acid at ^ max 215 
together with percentages of reserpine in*various samples have 
been recorded in Table-II. 
Similarly the data regarding the absorbance of the methyl 
esters of the total acids from Rauvolfia roots for reserpine 
TABLE -III 
Reserpine estimation through MeTMB at 7\ max 268 
S.i 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
Mo. Specif ic 
of t h e 
samples 
COKj^  
COK4 
DIvK 
" i 
HK3 
T ' r 
I .U*. 
I. ' .*. 
1188-
1188-
2698-
Hauwolf i a 
v o m i t o r i a 
; a t i o n s 
• 2 
•16 
•22 
i'ft. of t o - Conc«o: 
t a l a c i d s t o t a l 
from 100 a c i d s / 
qm r o o t s ml 
( i n gms) ( i n / a g ' 
0 . 1 1 2 0 
0 . 2 3 3 7 
0 .3656 
0 . 3 2 3 4 
0 . 1 2 5 6 
0 . 1 2 4 0 
0 . 2 2 5 2 
0 . 3 3 7 5 
0 . 2 9 4 5 
3 . 6 0 
7 . 4 8 
1 1 . 7 0 
1 0 . 3 5 
3 .96 
7 . 9 2 
7 . 2 1 
1 0 . 8 0 
9 .42 
f Abso rban -
ce of 
MeTMB 
) 
0 . 0 4 
0 . 1 2 
0 . 1 2 
0 . 1 0 
0 . 0 7 
0 . 1 5 
0 . 1 2 
0 . 1 1 
0 . 1 5 
Cone , of 
iMeTM3/ml 
of t o t a l 
a c i d s 
( i n / i g . ) 
0 . 8 
2 . 7 
2 . 7 
2 . 3 
1.6 
3 . 4 
2 . 6 
2 . 4 
3 . 4 
P e r c e n t a g e 
of r e s e -
r p i n e 
0 .0669 
0 .2269 
0 .2269 
0 . 1 9 3 3 
0 . 1 3 6 5 
0 . 1 4 2 5 
0 . 2 1 8 4 
0 .2017 
0 .2859 
estimation through methyl ester of trimethoxy benzoic acid 
at )) max 268 together with percentages of reserpine in various 
samples have been recorded in Table-Ill 
RESULTS AMD DISCUSSIONS 
Fig. 1 shows the absorbance 'of methyl ester of tri-
I 
methoxy benzoic acid (MeTMB) a t ^ max 215 and ->) max 268 . 
F i g . 2 «hows the c a l i b r a t i o n curve of f'.leTMB at-^ max 215 . 
F i g . 3 shows the c a l i b r a t i o n curve of MeTMB a t ^ max 268. 
F i g . 4 and 5 show the c o n c e n t r a t i o n of MeTMB in 9 
Rauwolfia ac id samples at ;\ max 215 and >i max 268 r e s p e c t i v e l y 
on the b a s i s of t h e i r absorbance . 
T a b l e - I . shows t h e absorbance of pure IvieTMB at A max 
215 and A max 268 at d i f f e r e n t l e v e l s of concen t r a t i on fo r t h e 
p r e p a r a t i o n of s tandard cu rve . 
T a b l e - I I and I I I con ta in t h e d e t a i l s of a l l t h e n i n e 
samples l e a d i n g tovi/ards t h e e s t ima t ion of r e s e r p i n e e«g» t h e 
amount of t o t a l ac ids ob ta ined from 100 gm. Rauwolfia r o o t s , 
t h e concen t r a t i on of t o t a l ac ids per ml t aken , the absorbance 
of ;/.eTf!B at)\ max 215 andA max 268, t h e c o n c e n t r a t i o n of MeT.MB 
in 1 ml of t h e t o t a l ac ids taken and the percentage of r e s e r -
pine c a l c u l a t e d on the b a s i s of the fo l lowing formula: 
C 
Reserp ine percentage = ^ ^ ^ X 2.69 
^2 
'twere C, i s t he wt of iMeTMB/ml ob ta ined on the c a l i b r a -
t i o n - c u r v e , C2 i s t he wt of t o t a l acid/ml from which C, v/as 
'il 
obtained, C„ i s the wt. of t o t a l acids obtained from 100 gm. 
roo ts and 2.69 i s the conversion factor of MeTiViB to reserpine< 
The percentages of reserpine ca lcula ted on the bas is 
of the above formula range from 0.0669 to 0.2859 percent , 
the maximum, 0.2859% being in Rauwolfia vomitoria, the 
African species . 
The procedure gives reasonably accurate and dependable 
r e s u l t s . F igs . 2 and 3 containing ca l ib ra t ion curves atA max 
215 and>| max 268 are the examples of r e a l l y good standard 
curves. F igs . 4 and 5 are self explanatory and the concentra-
t i o n s of MeTMB in a l l the 9 samples obtained on the 
ca l ib ra t ion curves a t A max 215 and X max 268 are reasonably 
ident ica l leading to almost iden t ica l r e s u l t s . 
7!| 
Chapter VII 
Es t imat ion of aldehydes and ketones from the e s s e n t i a l o i l s * 
INTRODUCTION ATMD REVIEW 
113 
Hobson estimated ketone by hydrolysing the semicar-
bazones v,/ith a solution containing 15^ HCl and 5% HgCl^ by 
boiling under reflux for 7-8 hours and determining the NHo 
by Pregl's modified micro Kjeldahl method: 
H2NCO NHNH^ "^  H^O = NH3 ^ CO2 '^  N2H4 
N^H^ ^ 2HgCl2 = N^ "^  2 Hg -^^  4HC1 
The N^H. must be destroyed, as the ketone released or 
organic impurities, if present, may cause a partial reduction 
to M-U» This method effords a means for the determination of 
small amounts of ketones provided they can be converted 
quantitatively into their semicarbazones. However the excess 
HpNCONHNHp must be removed by precipitation of th e semicarba-
zone with water or by evaporation to dryness and extracting 
w i t h e t h e r and then shaking out the H2NCO NH IxIH^  wi th w a t e r . 
114 
Fernandez and Torres es t imated camphor, menthone 
and pulegone from camphor o i l and o i l s from Mentha p i p e r i t a 
and Mentha pulegone by t i t r a t i n g v;ith 2 , 4 - d i n i t r o p h e n y l 
h y d r a z i n e . 
115 
S t i l lman and Aeed used hydroxylamine for the determi-
n a t i o n of aldehydes and k e t o n e s . The procedure involv ing t h e 
••J V>) 
use of HONH„ is applicable to the analysis of not only essen-
tial oils but that of other aldehyde and ketone containing 
substances, as well as for the analysis of the ketone content 
of keto fatty acids and higher aliphatic ketones. Further 
the method is susceptible of variation to meet the individual 
requirements e.g. as in the analysis of camphor. 
1 1 /; 
Palfray _et ail.. developed a method for determining 
aldehydes by quant i ta t ive connizar iza t ion . The cannizaro 's 
react ion cons is t s e s sen t i a l ly in an oxido-reduction phenomenon, 
one molecule of aldehyde being oxidized to acid and the other 
reduced to an alcohol rad ica l resu l t ing in the formation of 
an es te r which i s saponified t o give the free acid and alcohol . 
The reaction applies to aldehydes in' v;hich the CHO group i s 
combined to an electronegat ive r a d i c a l . In strong a lkal ine 
solut ions the y ie lds of alcohol and acid are high but not 
q u a n t i t a t i v e . Bu using 0.5 N KOH in Ph CH^ OH the react ion i s 
quant i ta t ive and can be used as an analyt ica l method except 
for a l ipha t ic aldehydes for which i t i s only p a r t i a l . 
117 
Parkinson and ',/agner used sodium bisulphite for the 
estimation of aldehydes. The used measured excess of iodine 
and titrated promptly with Na2S0o in order to overcome the 
error caused by the reverscible dissociation of certain aldehyde 
bisulphites. 
1 1 O 
Bryant and Smith developed an improved hydroxylamine 
method for the determination of aldehydes and ketones. They 
80 
used pyridine for the displacement of oxime equillibria in 
order to make the oxime formation go to completion and to 
render the initial reaction mixture neutral to bromophenol 
blue. 
119 
Bougault and Cattelain developed and used a highly 
sensitive reaction for the determination of citral, carvone 
and methylheptanone. .-hen 5 drops of a 1% MeOH solution of 
citral ( =lmg) is added at l5° to 5 ml of a freshly prepared 
solution of 1 drop of 1% alcoholic methylene blue in 10 ml 
alcoholic 0.1 N.NaOH solution, an immediate colour change 
takes place, retarded at lower temperature and low alkalinity. 
Carvone, methylheptenone and caryophyllene require 76,99 and 
867 times respectively the quantity of citral to produce the 
reaction within the same time. 
120 Sabetay has developed a simplified procedure for the 
estimation of aldehydes and ketones based on analytical oxima-
tion. According to their reactivity all the carbonyl compounds 
commonly analysed in the perfume industry may be classified 
as those reacting immediately in the cold v/ith HONH^* HCl; 
those reacting in the cold but forming an equilibrium mixture; 
those requiring heat; and those refractory to oximation (rarely 
met with in the analysis of essential oils) . All these oxima-
tions can be carried out with a reagent prepared by dissolv-
ing 50gm. H0NH2* HCl in 90 ml warm water, adding 20 ml of a 
(v5 I 
s o l u t i o n of bromophenol b lue ( 0 . 1 gm bromophenol blue in 
3 ml 0 .05 N.NaOH d i l u t e d t o 25 ml) and making upto 1 l i t r e 
vi/ith 90% a l c o h o l . The a n a l y t i c a l oximation i s based on t h e 
t i t r a t i o n of the free HCl wi th 0 .5 N.KOH and t h e pe rcen tage 
con ten t of va r ious aldehydes and ketones i s a product of a 
f a c t o r and the quot ient of ml of 0 .5 N»1<0H and vyeight of t h e 
sample. For most r e a d i l y oximated o i l s 1-5 gm i s t r e a t e d in 
a 150 ml Erlenmeyer f l ask w i th 25 ml of r eagen t and a g i t a t e d 
w i th a l coho l i c 0 .5 N.KOH t o a g reen ish brown shade . For carbonyl 
compounds oxiraating in co ld but forming an equ i l ib r ium m i x t u r e , 
1 gm. CaCOo i s added to ma in t a in a pH of 5 which d i s p l a c e s 
t h e e q u i l i b r i u m . After 3 hours 25 ml of N.HCl i s added t o the 
sample and the blank and both are then t i t r a t e d wi th 0 . 5 N.KDH. 
carbonyl compounds such as' pulegone and camphore, which a r e 
oximated v;ith d i f f i c u l t y are oximated by h e a t i n g for 1 hour 
in the presence of CaCOo* 
121 
• Belcher and Flee t have r epor t ed a sub-micro method 
for the de te rmina t ion of carbonyl compounds in only 30-5r of 
o rgan ic m a t e r i a l by oximation in a non-aqueous medium. The 
excess of the reagent i s t i t r a t e o with HClO^. The accuracy 
of t h e method for most of t h e aldehydes i s ^ 0.5?o and fo r 
l e s s r e a c t i v e ke tones i s 2^  1.4%. 
122 
Kunitake has e s t ima ted carbonyl compounds by gas 
chromatographic a n a l y s i s through 2 , 4 - d i n i t r o p h e n y l hydrazones . 
82 
Cuanti tat ive hydrolysis of 2,4-dinitrophenyl-hydrazones of 
carbonyl compounds takes place when they are heated at about 
220° v;ith a small amount of O.IN. H„SO. in a sealed tube, 
and the regenerated carbonyl compounds can be recovered as 
such by hea t ing . The procedure i s su i table for d i rec t gas 
chromatographic analysis and thus makes feas ib le the accurate 
iden t i f i ca t ion of trace amounts (0*005 mg) of 2 , 4 - d i n i t r o -
phenyl hydro zones for determining carbonyl compounds in food 
and beverages. 
123 
Jordan and Veatch have used mixed alcohol-hydrocarbon 
solvent instead of alcohol alone for the spectrophotometric 
determination of t race quan t i t i e s of carbonyl compounds in 
complex organic mixtures. The method i s based on the condensa-
t ion of carbonyl compounds with 2,4-dini trophenyl-hydrazine 
to form 2,4-dinitrophenyl hydrazones. Addition of alcoholic 
KOH to the 2,4-dinitrophenyl hydrazones mixture produces a 
yellow to wine red colour on which the absorvance i s determined 
at 480 mu and the carbonyl content ca lcula ted from a standard 
curve. The method i s applicable for the determination of 
carbonyl compounds in alcohols , hydrocarbons, e s t e r s and acids , 
e the r s , petroleum d i s t i l l a t e s and aromatic oxygenates and 
hydrocarbons. 
124 Kemula et_ _al_ have applied chromato-polarographic 
method to the analysis of aldehydes and ketones af ter t h e i r 
quant i ta t ive react ion with 2,4-dini t rophenyl hydrazine. As 
the so lub i l i t y of 2,4-dinitrophenylhydrazones- i s lov; in 
v/ater, i t becomes necessary to use high percentage (80?^) of 
HCONHe^  for the pa r t i t i on chromatography on rubber columns* 
This medium does not d i s turb the polarographic measurements. 
125 Fuerst and Feustel have estimated spectrophotometri-
ca l ly carbonyl compounds as 2,4-dini trophenyl hydrazones 
d i r ec t l y from the spots developed on paper* The opt ica l beha-
-3 
vious of .d i f fe ren t 2,4-dinitrophenylhydrazones in 10 or 
10"" M ethanol solution were studied with a Pulfrich spect ro-
photometer. The cha rac t e r i s t i c curves and ext inct ion coeffi_ 
c ien ts of a large number of 2,4-dJ.nitrophenyl hydrazones were 
s tudied. 
Takeuchi and Suzuki have reported an infra red spectre-
photometric method for the estimation of aldehydes as t h e i r 
2,4-dinitrophenylhydrazones. Total concentration of 2 , 4 - d i n i t -
rophenyl hydrazones was determined by the obsorption i n t ens i t y 
of the 1330 cm" . band, the molar absorpt ivi ty of which was 
constant , 1470 ^ 20 for 2,4-dinitrophenylhydrozones of any 
aldehyde examined. iMolecular weight of the aldehyde was de te r -
mined by the in tens i ty of 2870 cm" Band.Content of the unsa-
turated aldehyde was determined by the in t ens i ty of the 980 
cm band. 
v,5 / 
0'4 
127 Kurlansik and Salim have developed and standardised 
a procedure for the determination of carbonyl compounds by 
sodium n i t r i t e t i t r a t i o n . Generally i t i s necessary to separate 
the hydrazone from the excess reagent before f inal measurement. 
They have used standard sodium n i t r i t e solution for the t i t -
ra t ion of excess 2,4-dinitrophenylhydrazine in presence of 
the hydrazone. 
1 QO 
Fleet has determined carbonyl compounds via polarog-
raphy of their semicarbazone derivatives. In this process ali-
phatic and aromatic aldehydes and ketones, each 2 x lO" M, 
are determined by reaction with 0.1 M H2NCO NH-NH2'HCl in 
0.1I\A NaOAc-MHOAC buffer containing 50^ EtOH (pH 3.8), and 
measuring the polarographic reduction wave of the respective 
semicarbazone derivatives. The reactions are complete in L 
3 minutes required to remove 0 from the solution before mea-
surement. V/ith 1 or 2 exception, the polarographic reduction 
1 2 
of RCHO and R R C-0 semicarbazones occure by a 4-electron 
process . The almost constant value of the diffusion current 
constant for the carbonyl compounds studied indica tes the 
app l i cab i l i t y of the method to carbonyl functional group 
ana lys i s . The excess diffusion current constant does not give 
a cathodic wave, and does not i n t e r f e r e . 
MATERIALS .AI^'D METHODS 
A survey of the literature has revealed that a large 
number of procedures for the estimation of aldehydes and 
ketones ranging from macro to micro scale have been reported. 
Almost all of them are reasonably accurate and easy to adapt. 
In fact there was no need to devote time for developing a 
technique for the estimation of carbonyl compounds as the 
existing techniques serve the purpose of estimation of such 
compounds very well. 
However a novel observation prompted the author to devote 
some time for developing and standardising the present tech-
nique. During the course of some experiments on essential oils 
it was noticed that when freshly distilled essential oils 
were heated on a v;ater bath in- a Silica dish with glacial 
acetic acid in presence of a circular ring of filter paper, 
almost all the essential oil was volatilized leaving behind 
no drtectable residues* 
It is well known that almost all aldehydes and ketones 
present in essential oils react quantitatively with 2,4-dinitro-
phenylhydrazine to form crystalline, non-volatile hydrazones. 
To confirm this observation some pure aldehydes and ketones 
were treated with 2,4-dinitrophenylhydrazine in alcoholic 
medium and heated on a water bath in a silica dish. The data 
60 
recordec in Table-II c lear ly indicate tha t they react almost 
quant i ta t ive ly with 2,4-dini trophenylhydrazine. 
To have an insight of the procedure some aldehydes and 
ketones v;ere mixed with freshly d i s t i l l e d terpene hydrocarbons 
and carbonyl compound free essen t ia l o i l s and then t r ea t ed 
with 2,4-dinitrophenylhydrazine in alcoholic medium and heated 
on a water bath in a s i l i c a dish with g l ac i a l acet ic acid . 
The data recorded in Table - I l l c lear ly indicate tha t almost 
whole of the terpene hydrocarbons and essen t i a l o i l s v o l a t i -
I 
l i z e d l e a v i n g behind only aldehyde and ketone hydrozones which 
were f i n a l l y heated in an oven, cooled in a d i s i c a t o r and 
v;eighed t o cons t an t v/eight . 
EXPERIi'-IENTAL 
Accura te ly weighed samples ranging between 20-50 mgs. 
of 2 , 4 - d i n i t r o p h e n y l h y d r a z i n e , 2 , 4 - d i n i t r o p h e n y l h y d r a z i n e with 
carbonyl compounds f ree e s s e n t i a l o i l s , v o l a t i l e a ldehydes / 
ke tones and carbonyl compounds f ree e s s e n t i a l o i l s were t aken 
in 100 ml con i ca l f l a s k s wi th B,Q socket for the condenser . 
To each f l a sk were added 20 ml d i s t i l l e d a lcohol and O. i ml 
g l a c i a l a c e t i c a c id . The c o n t e n t s were re f luxed on a water 
bath fo r ha l f an hour and then t r a n s f e r r e d to weighed s i l i c a 
d i s h e s wi th c i r c u l a r r ing of f i l t e r paper . After t h e evapora t ion 
of t h e a lcohol t h e con t en t s of the d i shes v/ere heated on a 
o? 
water bath v^jith 0 .1 ml g lac ia l acet ic acid t i l l the disappear-
ance of the smell of acetic ac id . This process vas repeated 
t h r i c e . The dishes were f i na l ly heated in an oven at 100°C 
'for one hour, cooled in a deoicator and weiqhed to constant 
Vv'eight. The data have been recorded in Table- I . 
TABLE-I 
S.No. Specif icat ions of the Weight of ,.'eight of .'/eight of Increase / 
sample the the the decrease 
sample s i l i c a the s i l i - in the 
( in gms) dish ca dish weight 
(in gms) with (in gms.) 
sample 
(in gms) 
2,4-Dinitrophenyl 0.0326 15.8152 
hydrazine 
2,4-Dinitrophenyl 
hydrazine'*' carbonyl 
compounds free 
essen t ia l o i l . 
0.0234+ 17.0212 
0.0252 
a . Vol t i le aldehyde/ 0.0316 17.5426 
ketone 
4 . Carbonyl compound 0.0218 16.1344 
free e s sen t i a l o i l 
15,8474 
17.0213 "^.0001 
17.5426 
16.1344 
Nearly 10-30 mgs of 2,4--dinitrophenyl hydrazine were 
placed in eleven 100 ml. conical f lasks with B^g sockets . To these 
f lasks were added well in excess freshly d i s t i l l e d di f ferent mono-
and sesqui- terpenic aldehydes and ketones. The contents of a l l 
the f lasks were refluxed on a water bath with 20 ml alcohol and 
0.1 ml glacial acetic acid for half an hour. The contents of 
the flasks were then transferred to weighed silica dishes with 
circular rings of filter paper and kept over a gently boiling 
water bath. After the removal of the alcohol O.i ml glacial 
TABLE -II 
S.No* Specifica- V."t. of V.'t. of Expected Increase 
tion of the aldeh- 2,4- increase actually 
samples hyde/ DNP in the obtained 
ketone taken wt. of due to hydra-
(in mgs) (in mgs) 2,4-DNP zone forma-
due to tion 
hydrazo- (in mgs.) 
ne forma-
tion 
(in mgs.) 
Percentage of 
reaction 
1 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
2 
Citral 
Citronellal 
Cinnamaldehyd 
Salicylalde-
hyde 
Anisaldehyde 
Vanillin 
Carvone 
Menthone 
Piperitone 
Fenchone 
Vetivone 
3 
28. 
21 
.4 
.5 
e 15.2 
19, 
18. 
17. 
18. 
15. 
13. 
20 
22. 
.1 
.8 
.3 
.2 
.6 
.8 
.6 
.2 
4 
30. 
20. 
15. 
25. 
20, 
15. 
15. 
15. 
13. 
20. 
12, 
.2 
.5 
.1 
.6 
.2 
.4 
.6 
.1 
.3 
.2 
.8 
5 
50. 
34. 
26. 
39. 
32, 
25. 
26. 
25. 
22. 
33. 
25. 
.6 
.5 
.0 
.1 
.3 
.8 
.0 
.4 
.3 
.8 
.7 
6 
50. 
34. 
25. 
38. 
31. 
25. 
25. 
25. 
22, 
33. 
26. 
.1 
.3 
.7 
.9 
.9 
.5 
.6 
.2 
.0 
.5 
.0 
7 
99 
99 
98 
99 
98 
98 
98 
99 
98 
99 
102 
.0079 
.4203 
.8461 
.4885 
.7613 
.8372 
.4615 
.2126 
.6548 
.1139 
.6237 
B9 
acet ic acid was added to the contents of the dishes and heated 
on a v/aterbath t i l l the disappearance of the smell of acet ic 
acid . This process was repeated three t imes. Final ly the s i l i c a 
dishes with t h e i r contents were heated in an oven at 100°C for 
one hour, t ransfer red to a vacuum desicator and weighed. The 
percentage of reaction v a^s calculated from the expected inc-
rease in the v/eight of 2,4-dinitrophenyl hydrazine and the 
increase in the weight ac tual ly obtained. The data have been 
recorded in Tab le - I I . 
In another set of experiments nearly 10-20 mgs. accurately 
weighed eleven vo l a t i l e aldehydes and ketones v^ere placed in 100 ml 
conical f lasks with B.Q sockets . To each flask 2 ,4-dini t rophenyl-
hydrazine was added a l i t t l e in excess than the theore t i ca l 
amount needed for the hydrazone formation and 15-25 mgs. terpene 
hydrocarbons and carbonyl compound free essen t ia l o i l s . The 
contents were refluxed on a water bath for half an hour with 
20ml carbonyl compounds free alcohol and 0.1 ml acet ic acid. The 
contents of the flask were then t ransferred to weighed s i l i c a dishes 
with c i rcular r ings of f i l t e r paper. After evaporating the solvent 
on the waterbath 0 .1 ml g lac ia l acetic acid was added to each 
s i l i c a dish and heated on a waterbath t i l l the disappearance 
of the smell of acet ic acid. This process was repeated three 
t ime . Finally the s i l i c a dishes with t h e i r contents were heated 
in an oven at 100 C for one hour, cooled in a desicator and 
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v/eighed t o cons tan t w e i g h t . 
The percentage of r e a c t i o n was c a l c u l a t e d from the 
expected i nc rea se in the weight of 2 , 4 - d i n i t r o p h e n y l -
hydraz ine and the i n c r e a s e in weight actual ly ob t a ined . 
The da ta have been recorded in T a b l e - I I I . 
.RESULTS AND DISCUSSION 
T a b l e - I con ta ins the da ta regard ing the n o n - v o l a t i -
l i t y of 2 , 4 - d i n i t r o p h e n y l hydrazine as wel l as complete 
v o l a t i l i t y of t e r p e n i c and phenol ic a ldehydes and ke tones 
of e s s e n t i a l o i l s and carbonyl co;7ipound f ree e s s e n t i a l 
o i l s . I t i s evident from the da ta t h a t under the e x p e r i -
mental c o n d i t i o n s mentioned above 2 , 4 - d i n i t r o p h e n y l 
hydrazine does not l o s e weight whereas v o l a t i l e a ldehydes 
and ke tones as well as carbonyl compound f r e e e s s e n t i a l 
o i l s are completely v o l a t i l i z e d . 
T a b l e - I I con ta ins t h e da ta l e a d i n g t o t h e e v a l u a t i o n 
of the ex t en t of r e a c t i o n bf v a r i o u s aldehydes and ke tones 
with 2 , 4 - d i n i t r o p h e n y l h y d r a z i n e . V o l a t i l e aldehydes and 
ke tones are taken in excess in ord e r t o permit maximum 
p o s s i b l e conversion of the aldehydes and ketones i n t o 
t h e i r r e s p e c t i v e 2 , 4 - d i n i t r o p h e n y l hydrazones . The pe rcen -
t a g e of r e a c t i o n of v a r i o u s aldehydes and ketones v a r i e s 
from 98.2?^  to 102.6^ .^ 
Table-Ill contains the data with reversed conditions. 
Here 2,4-dinitrophenyl hydrazine is taken in excess to the 
quantity needed for the formation of 2,4-dinitrophenyl 
hydrazones of various aldehydes and ketones. Accurately 
weighed aldehydes and ketones are treated with excess 
amounts of 2,4-dinitrophenyl hydrazine (also weighed 
accurately). The aldehydes and ketones react with 2,4-
dinitrophenyl hydrazine to form their respective 2,4-dini-
trophenyl hydrazones. The increase in weight of the 2,4-
dinitrophenyl hydrazine accounts for the amount of the 
aldehydes and ketones involved in the hydrazone formation. 
The conversion varies from 9Q*1% to 101%. 
«> i ) 
SUi'v'iiMAI-^.Y 
Chapter-I deals v/ith a new Continuous Hot Extraction 
CI 
Api:j^atus for the ext rac t ion of plant ma te r i a l . This ex t rac tor 
d i f fe r s from other ex t rac to r s in i t s a b i l i t y to ex t rac t the 
plant material at a temperatuie almost equal to t h e boiling 
point of the solvent used for ex t rac t ion . The ex t rac tor 
i s highly eff ic ient and ex t rac t s the material i n l e s s than 
one t h i r d time taken by the Soxhlet ex t r ac to r . 
Chapter- I I deals with a new Continuous Hot Liquid-
Liquid Extraction Apparatus for extract ion v;ith solvents 
l i g h t e r than the solution to be ex t rac ted . The ex t rac to r 
has been designed to suit, the extract ion of v\;ater soluble 
organic matter which i s not eas i ly extracted with organic 
solvents at low temperature* The water soluble organic 
matter i s eas i ly extracted in t h i s ex t rac tor at a higher 
tempv-rature with organic solvents l i g h t e r than water , 
rhe efficiency of the ex t rac to r i s more than twice as 
compared with the best of the ex t rac tors reported so f a r . 
Chapter- I l l deals with a new Continuous Hot Liquid-
Liquid Extraction Apparatus for extractioln v^ith solvents 
heavier than the solution to be ex t rac ted . The ex t rac to r 
i s su i tab le for the ext rac t ion of organic substances from 
aoueous phases with water immiscible organic solvents 
heavier than v/ater. The extract ion i s carr ied out at an 
^4 
elevated temperature almost equivalent to the boil ing point 
of the solvent used for ex t rac t ion . The efficiency of the 
ex t rac tor i s more than twice as compared v^ith the best of 
the ex t rac to rs reported so f a r . 
Chapter-lV deals v i t h a new technique for the estima-
t ion of glycyrrhizic and glycyrrhet ic acids from the roots 
and root ex t rac t s of Glycyrrhiza g labra . Roots of Glycyrrhiza 
glabra in addition to g lycyrrhiz ic acid, the active pr inc ip le 
responsible for the biological a c t i v i t y , a l so contain a large 
number of flavonoids and carbohydrates etc* '..hich in t e r f e re 
in the estimation of g lycyrrhiz ic acid. A large number of 
procedures for ex t rac t ion , i so la t ion and estimation of 
g lycyrrh iz ic and g lycyrrhe t ic acid have been repor ted. However 
none of them has proved to be very accurate . In fact the 
authors of some such techniques have accepted the short 
comings of t h e i r procedures* The present technique based 
on the estimation of g lycyrrh iz ic acid through g lycyrrhe t ic 
acid i s although a b i t lengthy yet i t provides reasonably 
accurate and readily reproducible r e s u l t s . The data has 
been consolidated in Tablc-V whicli gives comprehensive 
p ic ture of the complete procedure. The data c lea r ly brings 
out tha t a l l e a r l i e r procedures were giving eroneous r e s u l t s 
because of the fact t ha t the amount of non-glycyrrhizic acid 
component accompanying the prec ip i ta ted g lycyrrhiz ic acid 
ei -} 
Was not considered. Similarly the amount of glycyrrhizic 
acid present in the filtrate from the precipitated glycyrrhizic 
acid was not taken into account. 
Chapter- V deals with a procedure for the determination 
r 
of hycfoxyl value of essent ia l o i l s , i s o l a t e s and terpenic and 
phenolic compounds. The hydroxyl value of a number of essen-
t i a l o i l s and terpenic and phenolic compounds has been de te r -
mined by t h i s technique. Results presented in Table-I show 
tha t the method i s sa t i s fac tory for e s sen t i a l o i l s containing 
primary and secondary alcohols and pure and isola ted primary 
and secondary alcohols. The method i s not sa t i s fac tory for 
t e r t i a r y alcohols or essen t ia l o i l s containing la rger propor-
t ions of these alcohols as e s t e r i f i c a t i o n of t e r t i a r y alcohols 
takes place upto 40-45 per cent . 
Chapter-VI deals with a new technique for the est imation 
of reserpine from the roots and root ex t r ac t s of Rauwolfia 
species » Roots of Rauwolfia in addition to a large number 
of strongly basic a lkaloids also contain reserpine , deserp i -
dine, rescinnamine and resc idine vv/hich are weakly basic in 
na ture . The former two are 3,4,5-trimethoxy benzoyl e s t e r s 
of rescrpic acid and the l a t t e r tu'o a r e 3,4,5-trimethoxy-
cinnamoyl e s t e r s of reserpic acid. The technique i s based 
on the uv spectrophotometric estimation of 3,4,5-trimethoxy 
benzoic acid which leadsto the determination of reserpine 
''•h 
percentage in samples through the following formula: 
^1 Hcserpine percentage - X C^ X 2.69 
^2 
v/here C, i s the weight of methyl e s t e r of trimethoxy 
benzoic acid per ml. , C^ i s the weight of t o t a l acids per ml . , 
Co i s the weight of t o t a l ac ids obtained from 100 gm. roo t s 
and 2.69 i s the conversion factor of methyl e s t e r of t r ime-
thoxy benzoic acid to reserp ine . 
Chapter-VII deals with a techni~que for the estimation 
of aldehydes and ketones from the e s sen t i a l o i l s . This 
technique i s a gravimetric techniaue. I t i s based on the 
non -vo l a t i l i t y of 2,4-dini tro-phenyl hydrazones of v o l a t i l e 
aldehydes and ketones. Table-I contains the data regarding 
the non-vo la t i l i t y of 2,4-dinitrophenyl hydrazine and the 
complete v o l a t i l i t y of essen t ia l o i l s and vo la t i l e aldehydes 
and ketones on a vv^aterbath in presence of acetic acid. Table-II 
contains the data leading to the evaluation of the extent of 
ouiiv^^rsiion of various aldehydes and ketones to t he i r correspon-
ding 2,4-dini t ro-phenyl hydrazones. The extent of conversion 
ranges between 98.2 percent to 102.6 percent . The r e s u l t s are 
rearonably accurate and readi ly reproducible . 
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